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INTRODUCTION. 

This  region,  which  the  writer  has  termed  the  Upper  Region 
of  the  Main  Walker,  is  situated  between  latitudes  39^  10'  and 
38"=^  58'  48'',  and  longitudes  119^  and  119°  22'.  W.,  in  the  western 
part  of  the  Great  Basin.  It  is  thirty  miles  due  east  of  Lake 
Tahoe,  and  twenty  miles  southeast  in  a  direct  line  from  the 
Comstock  Lode  of  the  famous  Washoe  District.  It  is  seventy 
miles  northwest  of  the  Esmeralda- Formation.  To  reach  it  one 
may  go  by  railroad  from  Reno,  Nevada,  to  Wabuska,  a  dinner 
station  on  the  C.  C.  railroad,  the  distance  from  Reno  being 
seventy-eight  miles. 

The  earliest  notice  that  this  region  received  was  by  Fremont 
while  on  one  of  his  explorations  in  search  of  a  route  to  the 
Pacific  Coast,  and  in  later  times  it  has  been  sought  by  the  stock- 
man, ruralist  and  miner.  The  river  received  its  name  from  the 
great  explorer  who  gave  it  in  honor  of  Joseph  Walker,  a  noted 
scout  and  guide ;  and  w^hile  on  the  ridge  throiigh  which  the  West 
Walker  flows  for  the  purpose  of  joining  its  confluent,  the  East 
Walker,  he  ventured  an  opinion  concerning  the  character  of 
the  rocks  composing  the  ridge. 

The  region  has  not,  however,  received  special  attention  at 
the  hands  of  any  geologist.  The  mention  it  has  received  has  been 
mainly  cursory  or  in  a  subsidiary  connection;  and  recently^  as 
incidental  to  a  reconnaissance  of  Nevada  and  part  of  California 
south  of  the  fortieth  parallel  of  latitude. 

The  region  being  somewhat  removed  from  other  fields  that 
have  been  studied,  its  investigation  has  been  undertaken  in  the 
hope  of  contributing  some  independent  observations  to  the  geo- 
logical history  of  the  Great  Basin,  of  which  it  forms  a  small  part. 

The  rock  series  of  the  Upper  Main  Walker  fall  naturally  into 
two  major  divisions  corresponding  to  the  Bedrock  Complex  and 
Superjacent  Series  of  the  Sierra  Nevada. 

The  Bedrock  Series  comprises  shales  and  limestones  in  a 
closely  folded  condition  invaded  by  large  intrusive  masses  of 
granite  and  granite  porphyry  and  by  dykes  of  quartz-porphyry 
and  porphyrite.     The  Superjacent  Series,  reposing  in  uncon- 
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;      ••:      •   .     • 


•  •       •  ••■ 


Vol.  41     Smith. — Upper  Region  of  Main  Walker  River.  3 

formity  upon  the  worn  surface  of  the  Bedrock  Complex,  com- 
prises Tertiary  sandstones  and  conglomerates  together  with  an 
earlier  and  a  later  andesite,  andesitic  tuff  and  breccia,  rhyolite 
and  basalt.  These  Tertiar>^  rocks  have  a  prevailingly  westward 
dip  and  are  repeatedly  monoclinal.  Still  later  in  age,  lying  hori- 
zontally upon  these  are  beds  which  are  questionably  Quaternary 
or  late  Tertiary,  and  also  formations  of  undoubtedly  Quaternary 
age.  'ilie  ridges  bound  areas  that  are  rudely  rectangular.  ^liii- 
eral  veins  are  numerous,  and  several  of  these  possess  value. 


PHYSICAL  FEATURES  OP  THE  REGION. 

The  immediate  area  mapped  is  shown  on  the  two  accompany- 
ing plates,  1  and  2.  The  second  is  a  continuation  of  the  first 
at  the  southeast  corner,  and  contains  one  ridge,  Whirlwind 
^lountain.  PI.  1  contains  three,  two  of  which  entirely  cross 
the  area ;  the  other  lies  along  the  western  border  part  way.  Their 
trend  is  northerlv  and  southerlv,  and  between  each  are  vallevs 
having  long  alluvial  slopes  to  the  west ;  much  shorter  slopes  come 
do\^Ti  to  meet  these  slopes  from  the  west,  in  which  event  they 
meet  along  a  line,  but  in  some  instances  they  meet  on  a  margin 
of  a  plain  or  playa.  Where  the  meeting  is  along  a  line  it  may 
be  readily  recognized  as  an  axis  of  drainage.  These  two  fea- 
tures, the  line  and  plain,  may  meet,  and  if  the  latter  has  a  suffi- 
ciently low  outlet  the  drainage  line  is  continued  toward  the  out- 
let. As  the  western  slope  of  the  alluvium  is  much  the  longer, 
so  also  is  the  slope  above  the  alluvium  toward  the  crest  of  the 
more  or  less  bare  rock.  The  eastern  slope  is  much  the  steeper 
as  well  as  the  shorter. 

The  westernmost  or  first  ridge  is  separated  from  the  second^ 
by  a  broad  canon  which  is  rather  too  wide  to  be  termed  a  canon 
and  may  be  designated  a  canon-valley,  and  is  known  as  Churchill 
Canon.  The  northward  extension  of  this  valley  is  a  canon  from 
the  west.  This  canon  disconnects  the  first  ridge  at  its  northern 
end  from  a  plateau  or  **benchland,''  a  portion  of  which  comes 


*  Mr.  C.  H.  Asbury  of  the  Carson  Indian  School  was  very  kind  in  endeav- 
oring to  obtain  the  Indian  name  of  this  ridge.  Through  Mr.  R.  C.  Dyer, 
an  interpreter,  he  ascertained  that  its  name  was  Sing-ats^-e. 
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on  the  map   PI.   1   in  the  northeast  comer.      It  also  exposes 
several  of  the  formations. 

The  second  and  third  ridges  are  separated  by  a  broad  valley 
known  as  Mason  Valley,  of  about  ten  miles  width,  and  through 
it  the  river  finds  its  course.  Two  streams,  the  East  and  West 
Walker,  unite  about  two  miles  south  of  the  country  mapped  in 
PI.  1  in  this  same  valley,  and  form  the  main  river. 

DISTRIBT'TION  OF  FORMATIONS. 

The  First  Ridge. — The  **Benchland"  in  the  northwest  corner 
of  the  map  is  made  up  for  the  most  part  of  andesite  tuff  and 
breccia,  and  is  capped  by  a  nearly  level  lying  later  andesite.  The 
thickness  of  the  cap  is  not  uniformly  the  same,  but  the  sections 
that  were  closely  inspected  were  less  than  twenty  feet.  The 
andesite  breccia  in  the  tuff  underlying  the  cap  is  entirely  dif- 
ferent from  the  cap,  hornblende  being  a  striking  constituent. 
The  tuff  possesses  occasionally  some  stratification.  The  erosion 
of  the  canon  has  not  cut  entirely  th^'ough  the  tuff,  and  an  esti- 
mate  of  its  thickness  w§3  ]noi  Miade.  A  few  occasional  springs 
make  their  appearance  ,alonfr*«a  **wash"  which  is  in  the  bottom 
of  the  canon,  and  these  are^presumably  whei'e  bedrock  comes 
near  the  surface.  Near  one  of  these  a  knpb  of  granite  may  be 
seen.  At  the  northern  end  of  this  first  ridge  there  are  a  few 
small  and  irregular  areas  of  shale  and  limestone.  These  occur 
in  a  mass  w^hich  appears  to  be  one  of  the  earliest  intrusives.  It 
is  a  porphyrite  which  will  be  described  later.  Rhyolite  presents 
itself  throughout  the  remainder  of  the  ridge,  with  the  hornblende 
andesite  protruding  through  it  in  a  few  places,  and  also  one 
small  knob  of  granite  near  the  southern  end.  The  granite,  shale, 
limestone  and  porphyrite  is  a  basement  complex  corresponding 
to  the  Bedrock  Series  of  the  Sierra  Nevada.  The  rhyolite,  ande- 
site and  tiiff  may  be  regarded  as  members  of  a  series  that  in  a 
similar  manner  correspond  to  the  Superjacent  Series  of  that 
region.  The  remaining  territory  promises  for  the  two  major 
divisions,  the  members  already  mentioned  and  others  additional. 
A  couple  of  small  exposures  of  iron-ore  are  at  the  base  of  the 
ridge ;  one  near  the  southern  end  and  the  other  with  one  of  the 
limestone  areas  near  the  northern  end. 
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Sing-afs'-c  E'ulge. — This  rid<re  at  the  northern  end,  within 
the  limits  of  the  map  PI.  1,  is  made  up  of  andesite  and  andesite 
tuff  and  breccia,  similarly  to  the  fii*st  ridue.  The  cap  of  later 
andesite,  however,  in  this  case  is  broken  u]),  and  alonji:  with  it 
there  is  considerable  of  the  breccia  which  is  in  the  tuff;  the 
lireccia,  in  fact,  forms  nearly  half  of  the  caj).  This  is  undoubt- 
edly due  to  the  tuff  beinu:  easily  eroded  and  carried  awav  from 
anmnd  the  blocks,  thus  leaving  them  residual.  The  only  ccm- 
tact  between  the  rhyolite  and  the  tuff  was  found  here,  and  its 
-*-~— •-*■-—  i-  **.'.«i»  tiiof  tiiii  fijUifiAii  nf  ihi»  T'hvolite  tt)  the  tuft' 


Note.— Suscribere  to  the  Bulletin  are  requested  to  substi- 
tute the  accompanyinu:  four  pajres  in  Vol.  4,  No.  1,  for  the  corre- 
spondin^'  padres  m  the  copies  that  have  been  sent,  in  order  to 
correct  ern)r  cm  pa^^e  6,  due  to  transposition  of  lines. 


Some  pood  <?l«imcfp  TTaRrs  ot  tno  reinsjiar  jnivw  vAbiuubivAA  cuft^Aws 

of  andesite  and  labi*adorite.  some  Hakes  showinjr  an  o[)tic  axis 
nearlv  normal.  This  indicates  the  tuff  to  be  andesilic.  The 
material  of  the  tuft'  is  Hue  and  si)lintt'iy.  The  absence  of  all 
other  rocks  just  mentioned  from  tbe  tuft'  will  be  considered  in 
anoth<*r  connection  when  tbe  structure  is  discussed.  Tho  rhyo- 
lite makes  its  a[)})earance  alonj^  this  sc^coud  rid^^c  in  r'onsiderable 
force,  and  two  dykrs  of  rhyolite  about  four  miles  apart  an*  <\mW 
marked:  and  alon^'  with  one  then*  occurs  a  dyke  of  the  horn- 
l)lend«*  andesite.  1'he  two  seem  to  mark  the  same  line  of  frac- 
ture. West  of  this  dyke  there  is  an  area  of  andesite  and  tuff, 
the  latter  showinjir  some  well  stratified  sandstone  and  some  loose 
lilocks  of  con<rl(mierate :  and  midway  of  the  I'idjxe  alonjr  the 
lowi-st  canon  cuttinir  across  it  an  earlier  inti'usive  is  uncovered, 
as  Weil  as  some  •j:ranite  and  hornbb^nde  andesite.  The  rbyolite 
evidently  formerly  covered  these  areas.  Xeai-  the  south  eiul  of 
the  s<H*ond  dyke  the  hornblende  andesite  and  the  rhy<ilite  reach 
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their  highest  altitude,  and  from  this  on  the  ridge,  which  is  now 
still  hijrher,  is  rontimied  by  granite  and  nietaniorphics,  the  rhyo- 
lite  beinjr  releprated  to  the  flanks  of  the  ridjxe.  The  andesite  is 
rarely  to  be  seen  from  this  on  southward,  and  only  then  as  a  few 
loose  blocks  here  and  there,  separated  by  dividinjj:  summits  from 
that  which  is  in  place.  Pai't  of  the  stock  from  which  it  may 
have  been  derived  may  be  covered  by  jeolian  sands  or  debris: 
or  else  these  erratics  are  the  remnants  of  a  once  extensive  flow. 
The  rhyolite  near  the  soutliern  dyke  is  frequently  faulted,  both 
transversely  and  Icnjrthwise  of  the  ridjre,  so  that  it  is  nnich 
bi'oken.  The  contact  which  we  now  come  to  is  that  between  the 
rhyolite  and  the  jrranite.  It  appears  to  be  not  a  fault  contact 
from  the  evidence  the  writer  was  able  to  obtain.  There  was  no 
contact  metamorphism  noticed,  nor  was  there  found  any  inclu- 
sion of  the  granite  in  the  rhyolite.  A  small  area  of  conglomerate 
is  revealed  near  the  contact  where  erosion  has  carved  away  the 
rhyolite.  Xo  bedding  is  shown,  and  eveiy  pebble,  almost  without 
exception,  is  faulted.  The  formation  is  not  shown  on  the  map 
PI.  1,  the  area  bein<r  too  small.  The  rhyolite  of  this  ridjre  appears 
not  to  present  the  structure  which,  accordinji:  to  the  terminology 
of  some  writer's,  would  be  desi^^nated  as  sheeted.  The  andesite 
near  by  possesses  tliis  structure  in  a  mai'ked  degrree.  At  this 
(Mmtact  the  rhyolite  ceases  to  be  ])rominent  in  the  ridge,  and  the 
h(»rnl)lende  andesite  does  not  continue  farther  southward.  The 
rocks  that  are  now  encountered  are  granite  and  granite-por- 
[)hyry,  scliists,  garnetiferous  rocks,  basalt  and  limestone.  The 
contact  between  the  *iranite  and  granite-porphyry  is  more  irreg- 
ular than  it  was  possible  to  show  on  the  map.  The  contact 
between  the  granite  and  the  schists  and  garnet  rocks  is  also  irreg- 
ular. The  strike  of  the  granite-porphyry  is  east  and  west,  and 
it  occurs  as  a  very  wide  intrusive  in. the  granite.  The  strike  of 
the  belt  of  schists  is  somewhat  noHh  of  east.  The  belt  of  schists 
contains  numerous  segregations  of  copper  ore,  and  a  reef  of 
exce[)tional  interest,  containing  disseminated  sulphides  of  copper 
and  iron.  It  appears  to  be  a  metamophosed  dyke.  In  places 
it  has  included  in  it  a  light  colored  rock,  which  may  be  pieci^s 
of  the  granite  that  were  caught  up  at  the  time  the  dyke  was  filled. 
More  will  be  said  of  this  supposed  dyke  under  the  head  of  ore 
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Sing-ats^-e  Ridge. — This  ridge  at  the  northern  end,  within 
the  limits  of  the  map  PI.  1,  is  made  up  of  andesite  and  andesite 
tuff  and  breccia,  similarly  to  the  first  ridge.  The  cap  of  later 
andesite,  however,  in  this  case  is  broken  up,  and  along  with  it 
there  is  considerable  of  the  breccia  which  is  in  the  tuff;  the 
breccia,  in  fact,  forms  nearly  half  of  the  cap.  This  is  undoubt- 
edly due  to  the  tuff  being  easily  eroded  and  carried  away  from 
around  the  blocks,  thus  leaving  them  residual.  The  only  con- 
tact between  the  rhyolite  and  the  tuff  was  found  here,  and  its 
character  is  such  that  the  relation  of  the  rhyolite  to  the  tuff 
could  not  be  made  out  satisfactorily.  The  tuff  is  fragile,  and  a 
sharp  contact  was  not  to  be  expected.  It  shows  no  planes  of 
slipping,  and  no  pieces  of  the  rhyolite  were  found  in  the  tuff  to 
indicate  that  there  had  been  any  faulting.  The  rhyolite  appears 
from  beneath  the  tuff,  and  in  this  connection  the  composition  of 
the  tuff  is  of  some  importance.  The  apparent  absence  of  all 
other  rock  fragments  from  the  tuff  except  the  hornblende  ande- 
site is  worthy  of  note,  and  perhaps  of  equal  importance  is  the 
composition  of  the  tuff  aside  from  the  hornblende  andesite  brec- 
cia it  contains.  There  was  found  in  it  no  quartz,  but  feldspar 
and  a  little  dark  colored  ferro-magnesian  mineral  were  observed. 
Some  good  cleavage  flakes  of  the  feldspar  gave  extinction  angles 
of  andesine  and  labradorite.  some  flakes  showing  an  optic  axis 
nearlv  normal.  This  indicates  the  tuff  to  be  andesitic.  The 
material  of  the  tuff  is  fine  and  splintery.  The  absence  of  all 
other  rocks  just  mentioned  from  the  tuff  will  be  considered  in 
another  connection  when  the  structure  is  discussed.  The  rhvo- 
lite  makes  its  appearance  along  this  second  ridge  in  considerable 
force,  and  two  dykes  of  rhyolite  about  four  miles  apart  are  quite 
marked ;  and  along  with  one  there  occurs  a  dyke  of  the  horn- 
blende andesite.  The  two  seem  to  mark  the  same  line  of  frac- 
ture. West  of  this  dyke  there  is  an  area  of  andesite  and  tuff, 
the  latter  showing  some  well  stratified  sandstone  and  some  loose 
blocks  of  conglomerates,  and  midway  of  the  ridge  along  the 
lowest  canon  cutting  across  it  an  earlier  intrusive  is  uncovered, 
as  well  as  some  granite  and  hornblende  andesite.  The  rhyolite 
evidently  formerly  covered  these  areas.  Near  the  south  end  of 
the  second  dyke  the  hornblende  andesite  and  the  rhyolite  reach 
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unaltered  and  metamorphosed  intrusives  of  the  Bedrock  Com- 
plex and  rhyolite  and  hornblende  andesite  of  the  Superjacent 
Series  are  represented.  The  bedrock  is  limestone  and  granite, 
the  latter  being  present  in  the  lower  half  of  the  ridge  and  consti- 
tuting the  dominant  rock. 

A  few  gold  and  copper  bearing  veins  occur  in  the  southeast 
corner  of  the  area  of  the  map  PI.  1. 

Tertiary  beds  which  yielded  fossils  are  exposed  at  the  eastern 
base.  Their  exposure  is  not  within  the  map,  but  about  two  miles 
east  of  it,  and  about  two-thirds  of  the  distance  from  the  top. 
Their  base  is  fine  white  rather  sharp  sandstone,  and  their  top  is 
conglomerate,  with  well  rounded  pebbles.  The  intermediate 
sandstone  contains  some  hornblende  and  the  pebbles  are  abun- 
dantly rhyolitic.  There  is  also  a  yellowish  and  whitish  stratum 
of  chalky  appearance.  No  test  was  made  upon  it  to  ascertain 
its  composition,  either  chemically  or  mineralogically.  The 
thickness  of  these  beds  was  estimated  to  be  twelve  hundred  feet. 


Figure  1.— i*rofile  of  a  portion  of  Whirlwind  Mountain  along  the  line 
E-F  in  PI.  2.  The  prominence  on  the  right  is  a  basaltic  cap  on  sandstone. 
Along  the  broken  line  this  sandstone  rests  on  rhyolite,  which  rises  to  a  pyra- 
mid on  the  left. 


Whirlwind  Mountain. — This  ridge  is  shown  on  PI.  2.  It  is 
made  up  of  rhyolite,  sandstone  and  a  basalt  cap,  all  being  of  the 
Superjacent  Series.     The  relations  of  the  basalt,  sandstone  and 
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rhyolite  are  here  well  revealed,  as  may  be  seen  by  consulting 
Fig.  1.  The  basalt  rests  on  the  sandstone  that  overlies  the  rhyo- 
lite. 

The  Mid-valley  Buttes. — The  broad  valley  below  the  second 
or  Sing-ats'-e  Ridge  is  studded  with  four  buttes  which  peer  up 
through  the  alluvium.  The  northern  one,  Mason  Butte,  is  com- 
posed of  granite  and  dykes  of  hornblende  andesite.  There  are 
no  less  than  seven  or  eight  of  these  that  cut  through  the  butte 
lengthwise.  Another  butte  southeast  of  this  one  is  made  up  of 
granite  and  rhyolite,  and  across  the  river  are  two  more  buttes, 
of  which  the  more  westerly  is  granite  and  granite-porphyry 
similar  to  that  already  mentioned  in  Sing-ats'-e  Ridge,  and  the 
fourth  butte  is  granite  and  earlier  intrusives  similar  to  that 
mentioned  in  the  first  ridge. 

UNCONFORMITIES. 

The  sedimentaries  occupy  about  one-thirtieth  of  the  entire 
area.  There  is  enough  of  them  and  a  few  fossils,  however,  to 
give  information  as  to  their  age  and  the  structure  of  the  region. 
The  range  of  the  sedimentaries  is  from  the  end  of  the  Palaeozoic 
or  early  Mesozoic  to  the  present,  as  the  fassils  show.  The  Creta- 
ceous and  the  Eocene  are  not  recorded  bv  anv  accumulations,  but 
there  are  indications  of  considerable  erosion  which  took  place 
within  a  time  that  may  correspond  to  these  two  periods.  There 
was  no  section  found  where  the  entire  colunm  could  be  measured. 

The  Bedrock  Complex  and  the  Tertiary. — The  unconformity 
between  the  shale  and  limestone  of  the  Bedrock  Complex  and 
the  beds  of  the  Tertiary  is  usually  very  marked.  The  amount  of 
disturbance  and  deformation  of  the  complex  is  considerable, 
while  that  of  the  Tertiary'  is  not  so  great.  A  few  fossils  indi- 
cate the  limestcme  to  be  Triassic.  In  the  Tertiaiy  one  pebble  was 
found  containing  a  fossil,  which  was  submitted  to  Dr.  J.  P. 
Smith  of  Stanford  University  for  detemiinaticm  of  stratigrapli- 
ical  pasition,  and  the  following  communication  was  received : 
'*The  black  silicious  rock  contains  what  appears  to  be  DaoneUiiy 
a  pelecypod  characteristic  of  the  Middle  Trias.  The  (icological 
SurvTv  of  California  discovered  some  Triassic  fossils^  at  Vol- 


*  Describefl   in   Amer.   .four,   of  Conchology,    Vol.   V,   by   W.    M.   Gabb, 
** Description  of  Bome  Mesozoic  Fossils,*'  etc. 
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cano,  an  abandoDed  mininpr  district,  thirty  miles  southeast  of 
Walker  Lake.  Triassic  fossils  like  those  of  the  West  Humboldt 
Range  (Nevada)  were  also  found  near  Wabuska.  I  think  I  have 
seen  them  in  the  Mining  Bureau  or  in  the  Harvard  collection.  As 
I  remember  them,  Daonella  dubia  (Gabb)  was  the  most  charac- 
teristic fossil — Lias. '*^  The  curator  of  the  museum  at  the  Min- 
ing bureau  said  that  fossils  from  near  Wabuska  had  been 
received  and  they  were  now  stored  and  not  available,  but  he  was 
sure  there  were  not  many. 

A  section  south  of  west  in  the  Pine  Nut  Range  might  yield 
further  information  of  this  character.  So  far  as  the  writer  is 
aware,  these  represent  all  the  rocks  of  marine  origin  A^nthin  the 
region. 

The  evidence  for  the  Tertiary  is  perhaps  a  little  more  com- 
plete. The  Tertiary  is  supposed  to  be  of  lacustrine  or  conti- 
nental origin.  The  evidence  for  the  lacustrine  origin  of  the 
beds  is  perhaps  not  so  complete  as  for  their  age.  One  portion  of 
the  evidence  is  the  remains  of  a  land  fauna  which  they  have 
yielded ;  and  in  this  connection  the  following  communication  has 
been  received  from  Dr.  W.  J.  Sinclair,  to  whom  they  were  sub- 
mitted for  determination :  *  *  The  specimens  submitted  comprise 
fragments  of  the  astragulus,  calcaneum,  and  metapodals  of  a 
rhinoceros  and  the  astragulus  of  a  large  camel.  The  presence 
of  a  large  camel  indicates  that  the  beds  from  which  the  speci- 
mens wei-e  obtained  are  yoiuiger  than  the  John  Day.  The  John 
Day  camels,  belonging  to  the  genus  Protomeryx,  are  all  small 
forms.  The  beds  are  probably  late  Miocene  or  Pliocene,  corre- 
sponding to  the  Mascall  and  Rattlesnake  formations  of  Oregon, 
but  the  material  is  not  comi)lete  enough  to  determine  these  points 
with  certainty.''  Of  a  date  nearly  twenty  years  earlier  is  the 
following-  by  Professor  Russell:  ** Mammalian  bones  were 
obtained  at  a  number  of  localities  in  the  sides  of  the  Humboldt 
and  Walker  River  caiiims,  and,  with  the  exception  of  a  single 
vertebrate  found  in  the  medial  gravels,  they  were  all  derived 
from  the  upper  lacustral  beds.     These  fossils  were  submitted  to 


*  Dr.  Smith  also  kindly  adds  that  he  has  reviewed  the  fossils  from  Vol- 
cano in  the  Harvard  collection,  and  found  their  determination  correct. 
^'Mon.  XI,  U.S.G.S.,  p.  238. 
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Professor  O.  C.  ^larsh  for  determination,  but  only  a  partial 
report  of  their  character  has  been  rendered.  So  far  as  deter- 
mined, they  include  a  proboscidian  (elephant  or  mastodon),  a 
horse,  an  ox,  and  a  camel.  The  fossils  were  usually  detached  and 
scattered  through  the  sediments,  more  than  one  or  two  bones  of 
the  same  individual  being  seldom  found  at  a  single  locality.'* 
This  refers  to  the  Quatemar>\  and  the  medial  gravels  referred 
to  are  those  of  the  Lahontan  beds.  The  detached  occurrence  of 
the  fossils  is  the  same  as  in  the  case  of  the  Tertiary.  The  fossils 
which  the  writer  found  were  dug  from  strata  tilted  about  35°, 
an  amount  which  is  greater  than  was  at  any  place  recognized 
in  the  Quaternary.  PI.  3  shows  the  amount  of  tilting.  Whether 
the  species  are  the  same  in  the  two  instances  it  is  impossible  to 
say.  but  apparently  they  are  not;  and  there  can  be  no  doubt  as 
to  the  relative  position  of  the  two  sets  of  beds.  Professor  Rus- 
sell has  mentioned  the  possibility  of  fossils  being  derived  from 
lower  beds.  However,  the  amount  of  their  deformation  appar- 
ently is  on  the  side  of  their  being  Tertiary,  The  beds  show  clearly 
a  gradation  of  material  from  fine  to  coarse.^:  The  finer  sand- 
stone shows  some  sharp  grains  which  may  be  of  volcanic  origin. 
The  apparent  absence  of  fossils  of  an  aqueous  life  might  be 
regarded  as  an  indication  of  volcanic  origin  for  the  whole  of 
.such  strata,  but  this  for  the  greater  i)art  is  not  true. 

Specific  correlation  of  the  Tertiar>'  beds  throughout  the  Great 
Basin  continues  to  be  on  the  whole  not  very  satisfactory.  Erosion 
and  alluviimi  isolate  and  cover  them  to  such  a  degree  that  it  is 
impossible  to  trace  them  continuously.  The  value  to  be  placed 
on  their  fossil  life  seems  to  be  somewhat  uncertain,  with  the 
conclusion  of  work  in  each  separate  region  so  far  investigated. 

The  Tertiary  and  Quaternary. — The  unconformity  between 
these  is  quite  sharp.  The  latter  lies  verv  level,  and  it  is  mostly 
obliterated  within  the  area  shown  on  the  maps,  but  in  the  north- 
ea.st  and  northwest  corners  of  Mason  Valley  lacustrine  beds  and 
terraces  are  preserved.  Their  thickness,  measured  in  the  Walker 
River  Canon  is  one  hundred  and  sixty  feet.- 

West  of  the  second,  or  Sing-ats'-e  Ridge,  and  south  of  the 
map  PI.  1,  in  Smith  Valley,  are  a  few  hundred  feet  of  beds  which 

»  Bull.  Dept.  Oeol.,  Univ.  Calif.,  Vol.  2,  Xo.  9. 
'  Mon.  XI,  U.  S.  G.  S.,  p.  141. 
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are  revealed  as  a  result  of  the  canon  cutting  by  the  West  Walker. 
These  beds  appear  to  be  horizontal,  and  it  is  difficult  to  say 
whether  they  are  Quaternary  or  Upper  Tertiary.  A  few  large 
bones  have  been  found  on  their  surface,  and,  as  a  matter  of 
record,  it  may  be  here  stated  that  a  few  large  bones  have  been 
reported  as  found  in  building  a  road  grade  in  the  Wassuck 
Range,  southeast  of  these  beds,  and  also  that  fish  impressions 
occur  at  the  mouth  of  the  caiion  just  mentioned  as  cut  by  the 
West  Walker. 

Relative  Age  and  Unconformity  of  the  Igneous  Rocks. — The 
unconformity  between  the  Bedrock  Complex  and  the  Super- 
jacent Series  is  also  well  brought  out  by  the  stratigraphic  rela- 
tions of  the  igneous  rocks  of  the  two  groups.  The  granites  and 
granite-porphyries  of  the  Bedrock  Complex  appear  to  be  intruded 
into  the  Triassic,  and  cutting  these  are  dykes  of  porphyrit^, 
which  is  perhaps  also  of  the  complex.  The  hornblende  andesite 
reposes  in  tilted  attitudes  upon  the  tilted  abraded  surface  of  the 
Bedrock  Complex.  This  was  followed  by  the  rhyolite,  which  is 
found  intrusive  in  the  andesite  in  the  form  of  tongues.  Both 
the  hornblende  andesite  and  the  rhyolite  yielded  pebbles  to  the 
shore  drift  of  the  Tertiary  lakes  which  succeeded  the  extravasa- 
tion of  the  rhyolite.  But  the  andesite  is  not  so  abundantly  rep- 
resented as  the  rhyolite.  The  next  lavas  in  order  of  occurrence 
are  the  later  andesite  and  the  basalt.  These  two  lavas  appar- 
ently succeeded  the  lacustral  epoch,  since  they  yielded  no  peb- 
bles to  the  Tertiary  Lake  beds.  The  later  andesite  and  the  basalt 
approximate  horizontality.  They  both  occupy  eminences  and  may 
be  regarded  as  caps.  The  basalt  occurs  in  many  isolated  and 
detached  areas,  and  these  all,  with  the  exception  of  that  on  the 
Wassuck  Range,  are  of  the  same  altitude  as  the  later  andesite 
cap. 

STRUCTURE. 

The  Bedrock  Complex. — The  Triassic  limestones  are  much 
crumpled,  folded  and  broken,  and  the  accompanying  batholithie 
intrusions  of  granite  and  porphyries  are  also  much  fractured 
and  broken.  The  bedding  planes  of  the  shale  are  not  exposed. 
The  axis  of  folding  is  nearly  north  and  south,  and  there  are  indi- 
cations, at  least,  that  this  structure  would  not  be  apparent  in 
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the  present  topo^aphy  were  it  not  that  the  direction  of  subse- 
quent faulting  coincided  with  it  very  closely ;  thus,  following  the 
establishment  of  the  Bedrock  Complex,  there  apparently  inter- 
vened a  considerable  period  of  erosion  which  wore  it  down  to  a 
low  relief. 

The  Tertiary. — The  dip  of  the  Tertiary  beds  is  about  forty 
degrees  to  the  west,  and  they  present  a  series  of  monoclines,  and 
the  apparently  plain-like  surface  on  which  the  rhyolite  rests  is 
also  similarly  inclined.  The  dip  of  it  and  that  of  the  beds  is 
nearly  the  same.  There  are  some  bands  of  stratification  in  the 
tuff  lying  under  the  later  andesite  cap,  but  their  tilting  is  some- 
what less.  The  altitudes  are  in  striking  contrast  to  the  verticality 
of  the  schists  of  the  underlying  Bedrock  Complex.  These  schists, 
moreover,  strike  northwest  and  southeast.  The  region  is  divided 
by  parallel  ridges,  which  may  be  classed  in  two  systems — those 
trending  northerly  and  somewhat  westerly,  and  those  approxi- 
mately at  right  angles  to  these.  The  westward  alluvium  slopes 
are  many  times  longer  than  the  eastward  slopes,  and  the  crest 
of  each  system  of  ridges  pitches  toward  the  base  of  the  other: 
for  example,  the  pitch  of  the  third  ridge  shown  along  the  east 
margin  of  PI.  1  pitches  north  to  the  base  of  Cleaver  Mountain, 
which  is  just  north,  off  the  map,  and  it  trends  nearly  east  and 
west.  By  pitch  is  meant  the  slope  of  crest-line.  The  pitch  of 
that  mountain  is  also  westward  toward  the  base  of  Sing-ats'-e 
Ridge.  The  crest  of  this  last  ridge  pitches  northward  toward 
the  base  of  Cleaver  Mountain,  but  the  pitch  is  not  as  great  as 
in  the  case  of  the  other  north-south  ridge,  which,  as  may  be  seen 
on  the  map,  is  broken  into  several  buttes  at  its  northern  end. 
The  degrees  of  these  respective  pitches  seems  to  be  nearly  pro- 
portional, for  the  highest  point,  Cleaver  Peak,  is  in  line  with  the 
chain  of  buttes.  Some  notion  of  these  relations  may  be  obtained 
by  consulting  the  Wabuska  sheet  and  Fig.  1 ;  and,  as  to  the 
general  block  tilting  of  the  Cleaver  Range  both  parallel  to  its 
trend  and  transversely,  an  idea  may  be  had  by  consulting  the 
earlier  topographical  map^  of  that  range.  This  range  is  capped 
with  basalt,  and  it  has  been  seen  from  two  sides,  so  there  may 
not  be  great  doubt  as  to  the  accuracy  of  the  observation.     This 

'  Map  No.  48,  Wheeler  Survey  West  of  100th  Meridian. 


4 


14 


University  of  California  Publications.  [Geology 


mountaiu  presents  a  bold  faee  toward  the  south,  overlooking  the 
alluvium  plane  below ;  and  at  the  base,  not  near  either  of  the 
north-south  ranges,  there  are  hot  springs.  At  the  eastern  base 
of  Sing-ats'-e  Ridge  and  about  nine  miles  south  of  the  map  PL  1, 
steam  issues  from  the  rocks.  In  Smith  Valley  at  Wellington, 
near  the  eastern  base  of  the  Pine  Nut  Range,  is  a  well  the  water 
of  which  is  too  wann  for  drinking  purposes;  and  at  the  same 
base,  and  aboilt  twelve  miles  north  of  this  last  place,  at  Hind's 
Hot  Springs,  there  is  one  at  scalding  heat.  Thus,  at  the  base 
of  each  of  the  systems  there  are  hot  springs.  Wherever  the  trans- 
verse system  is  not  present  the  valleys  are  closed  by  an  arrange- 
ment of  ridges  en  echlon. 

There  are  several  features  that  are  conformable  to  the  two 
systems  within  the  area  mapped  and  near  to  it ;  as  for  instance, 
to  the  transverse  system  there  are  the  course  of  the  cafions,  strike 
of  the  andesite  and  rhyolite  dykes,  strike  of  the  schists,  trend  of 
two  of  the  mid-valley  buttes  and  outcrop  of  several  of  the  min- 
eral veins.  The  third  butte  and  the  remainder  of  the  mineral 
veins  are  conformable  to  the  other  system,  while  the  fourth  butte 
is  circular,  or  conformable  to  both. 


Fkjure  'J.— Ideal  representation  of  the  structure  of  Walker  River  region. 

Fig.  2  shows  somewhat  ideally  the  type  of  structure  that  is 
presented  in  the  region ;  and  it  is  believed  that  this  region  offers 
fair  opportunities  for  a  quantitative  study  of  the  generally  rec- 
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ojrnized  Basin  Ran^e  striicttire,  since  there  appears  to  be  a  dejrree 
of  proportionality  between  the  north-south  system  of  faulting 
and  the  east-west  system. 

RELIEF  OF  PRE-TERTIARY  AND  TERTIARY  SURFACES  AS  COMPARED 

WITH  PRESENT  REIilEF. 

That  considerable  time  has  elapsed  since  the  faulting  began, 
and  that  it  was  apparently  periodic  in  its  progress,  seems  to  be 
e\'ident.  The  absence  of  granite  pebbles  from  the  Tertiary  and 
the  presence  in  it  of  the  rhyolite,  which  the  writer  has  shown 
was  subsequent  to  the  earlier  andesite,  would  indicate  that  the 
surface  of  the  region  was  reduced  to  one  of  low  relief  previous 
to  the  efflux  of  the  rhyolite  and  the  appearance  of  the  Tertiary 
lake,  the  granite  being  reduced  to  a  position  below  the  erosion 
zone.  This  is  also  rendered  apparent  by  three  other  considera- 
tions: the  surface  on  which  the  rhyolite  rests  presents  a  plain- 
like character:  the  several  isolated  and  detached  areas  of  the 
rhyolite  have  the  dip  of  this  plain-like  surface,  and  this  is  nearly 
uniformly  the  same  for  each ;  and  this  dip  is  also  practically  the 
same  as  that  of  the  beds  of  the  Tertiary.  It  may  be  possible, 
from  the  relative  proportion  of  the  earlier  andesite  in  the  Ter- 
tiary, to  fix  the  date  of  the  completion  of  this  planation  more 
definitely:  that  is,  to  place  it  after  the  effusion  of  the  earlier 
andesite.  It  is  possible  that  the  lower  i)orti()n  of  the  Tertiary 
accumulatiims  are  in  pail  granitic  debris,  but  the  upper  portions 
certainly  are  not.  This  would  extend  the  period  of  planation 
into  the  early  Tertiary. 

The  consideration  of  the  basaltic  sheet  is  somewhat  of  a  simi- 
lar character.  The  isolation  of  the  areas,  their  sheet-like  char- 
acter, and  their  similarity  of  elevation  seems  to  indicate  that 
they  once  were  all  connected.  The  later  andesitt*  can  be  regarded 
as  an  associate  on  the  same  elevation.  If  these  areas  were  once 
connected,  it  would  seem  to  indicate  that  the  surface  had  been 
reduced  to  that  of  a  peneplain,  and  that  the  ridges  have  been 
subsequently  lifted.  The  distance  between  these  areas  is  hardly 
less  than  ten  miles  in  any  instance;  and  supposing  them  to  be  on 
the  upturned  edge  of  a  block  the  width  of  which  is  that  much, 
the  amount  of  rotation  or  tilting  would  be  less  than  a  degree 
and  a  quarter  to  lift  the  edge  above  the  tloor  of  the  valley  a 
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thousand  feet.  This  is  a  surprisingly  small  amount  of  rotation, 
and  the  attitude  of  the  lava  might  easily  be  mistaken  for  hori- 
zontal. However,  it  has  been  considered  that  the  separated 
basalt  sheets  of  the  Great  Basin  were  never  connected.^  A  few 
basic  dykes  were  found  within  and  near  the  areas  of  Pis.  1  and 
2,  and  it  may  be  possible  to  trace  the  basalt  to  them.  The  char- 
acter of  the  material  is  such  that  a  very  narrow  fissure  might 
discharge  considerable  molten  rock,  since  the  basicity  of  the 
rock  indicates  a  great  degree  of  fluidity  at  a  comparatively  low 
temperature.  While  the  latter  hypothesis  attempts  to  account 
for  their  isolation,  it  remains  to  be  seen  how  to  account  for  their 
attitude.  This  is  one  of  the  questions  that  arose  that  was  not 
answered  beyond  the  attempt  indicated.  The  author's  opportu- 
nity did  not  permit  of  his  making  any  further  investigation. 

EXPIX)RATIONS  BEYOND  THE  REGION   M.VPPED. 

It  was  the  writer's  opportunity  to  make  an  excursion  to  the 
West  Walker  and  through  Carson  Valley.  This  gave  him  an 
occasion  to  make  some  observations  of  a  general  chara<;ter.  The 
structure  of  the  first  system  was  found  to  prevail,  with  now  and 
then  suggestions  of  the  transverse  system.  The  West  Walker 
flows  through  two  valleys  before  it  reaches  the  Main  Walker.  In 
flowing  through  the  first  of  these  (Antelope  Valley)  it  bears 
along  near  the  eastern  base  of  the  mountains  at  the  west  for  a 
considerable  distance,  and  at  the  northern  end  of  the  vallev  the 
course  is  northeast,  passing  through  the  Pine  Nut  Range,  which 
is  very  low  at  that  point,  there  being  a  considerable  mass  imme- 
diately north.  The  river  then  turn  sharply  to  the  north  and 
swings  eastward  across  the  valley,  being  entrenched  on  a  flood- 
plain  between  two  bluffs  of  sandstone.  These  bluffs  are  the  beds 
of  sandstone  that  were  referred  to  as  of  uncertain  age  when  the 
unconformity  of  the  Tertiary  and  Quaternary  was  considered. 
The  bluffs  converge  toward  the  east,  and  the  river  is  more  and 
more  confined  between  them.  The  stream  runs  near  the  base  of 
the  northern  bluff,  and  is  gradually  invading  it,  thus  gradually 
taking  a  more  and  more  northward  direction,  which  seems  to 
indicate  a  tendency  of  the  river  to  change  its  coui^se  and  flow 

*  Mr.  G.  K.  Gilbert,  Surveys  V^est  of  the  Hundredth  Meridian,  Vol.  Ill, 
p.  125. 
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along  the  western  margin  of  the  valley  near  the  steep  eastern 
face  of  the  Pine  Nut  Range;  but  so  long  as  the  river  is  con- 
strained to  remain  in  the  present  canon  of  the  Sing-ats'-e  Ridge, 
the  tendency  is  somewhat  offset,  and  the  gradual  invasion  of 
the  northern  bluflf  is  probably  only  a  manifestation  of  such 
tendency.  The  river  after  emerging  toward  the  open  valley  con- 
tinues in  the  direction  of  the  canon  for  a  short  distance,  but  it 
soon  turns  quickly  to  the  north,  bearing  a  little  to  the  west; 
this  being  the  general  direction  of  the  base  of  the  ridge.  It  is 
joined  by  the  East  Walker  at  a  point  about  two  miles  south  of 
the  map  PI.  1.  The  East  Walker  flows  in  a  caiion-valley  through- 
out almost  its  entire  length  and,  therefore,  this  valley  does  not 
show  the  difference  of  the  valley  slopes  that  is  shown  in  the 
wider  valleys.  Walker  Lake  lies  under  the  steep  eastern  slope 
of  the  Wassuck  Range,  and  from  the  eastern  and  southern  shores 
the  ground  rises  gently.  So  much  for  the  Walker  River  System. 
As  to  the  Carson  River,  which  has  its  source  near  the  West 
Walker,  it  flows  near  the  eastern  base  of  the  mountains  just  east 
of  Lake  Tahoe,  and  Carson  Valley  has  a  more  or  less  gentle 
eastward  rise  to  the  summit  of  the  Pine  Xut  Range. 

DESCRIPTION  OF  THE  IGNEOUS  ROCKS. 

The  numbers  on  the  maps  indicate  approximately  the  places 
where  the  samples  were  taken.  The  hand-specimens  and  the 
corresponding  thin  sections  bear  the  same  number  as  the  place. 
The  region  was  not  traversed  consecutively,  hence  the  reason  for 
the  numbering  being  apparently  at  random. 

The  Granitic  Rocks. — Hand-specimen  No.  123  is  a  fair  repre- 
sentative of  the  granitic  rocks  that  occur  in  the  southeastern 
portions  of  the  map  PI.  1.  This  rock  has  an  even  grained  granitic 
structure  (allotriomorphic  granular),  and  is  made  up  of  feld- 
spar, quartz,  biotite  and  a  greenish  ferro-magnesian  mineral. 
The  color  is  grayish  and  the  fracture  is  irregular.  Microscopically 
the  structure  is  granitic;  no  mineral  has  idiomorphic  outline. 
The  essential  minerals  are  biotite,  augite,  plagioclase,  orthoelase, 
and  quartz.  Magnetite  in  .somewhat  irregular  grains,  0.25  mm. 
in  size,  is  distributed  throughout  all  the  essential  minerals.  This 
mineral  is  apparently  original  when  possessing  that  size  in  this 
rock.    The  biotite  is  brown  and  in  irregular  crystals,  often  with 
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dimensions  normal  and  parallel  to  c  about  equal.  It  shows  a 
leaching  to  a  green  variety,  and  a  further  change  to  chlorite  and 
black  specks  of  iron  oxide. 

The  ferro-magnesian  mineral  agrees  ver>'  well  with  augite. 
It  is  nearly  colorless  and  practically  free  from  pleochroism.  A 
section  nearly  normal  to  the  prism,  oo  P  (110),  shows  a  cleavage 
angle  of  about  90 '^,  and  the  extinction  bisects  this  angle.  There 
is  an  alteration  of  the  mineral  to  a  green  pleochroic  one,  possess- 
ing an  absorption  color  of  yellow-green  which  has  some  of  the 
properties  of  epidote:  the  alteration,  however,  is  incipient. 
Green  hornblende  is  also  present.  It  seems  in  some  instances  to 
have  been  derived  from  augite.  The  plagioclase  feldspar  shows 
no  alteration  to  calcite,  but  contains  kaolin.  No  properly  ori- 
entated sections  were  found  in  which  to  measure  extinction 
angles  of  the  lamellar  twinning.  Orthoclase  distinguishable  by 
lowest  relief  and  birefringence  and  freedom  from  lamellar  twin- 
ning is  present.  Quartz  with  irregular  cracks,  and  possessing 
gas  and  liquid  inclusions,  is  of  similar  importance.  Some  apa- 
tite, 0.8  mm  long,  is  present.  This  rock  may  accordingly  be 
designated  an  augite  granite.  Another  similar  rock  is  172, 
which  occurs  east  of  it  in  the  Blue  Jay  Butte.  The  similarity 
of  the  two  is  marked.  The  biotite  is  less  altered  and  the  rock  on 
the  whole  is  fresher.  In  the  pyroxene,  in  sections  showing  a  very 
pronounced  prismatic  cleavage,  there  appears  a  fine  lamellar 
cleavage  which  is  somewhat  discontinuous  yet  pronounced,  and 
cutting  across  the  coarser  at  a  considerable  angle.  This  lamellar 
cleavage  is  basal,  and  indicates  the  species  diopside.  An  extinc- 
tion with  the  coarse  cleavage  was  obtained  in  one  case  as  large 
as  32^  on  a  section  parallel  to  c.  The  prismatic  cleavage  is 
straight  and  well  defined.  The  alteration  of  the  pyroxene  is  the 
same  as  in  slide  123.  It  shows  apparent  incipient  change  to  a 
green  pleochroic  hornblende.  In  one  instance  where  the  pyrox- 
ene is  surrounded  by  a  considerable  border  of  hornblende,  iron 
oxide  is  traced  along  their  contact,  the  hornblende  itself  being 
free  from  it.  Biotite  includes  quartz  and  pyroxene.  In  regard 
to  the  latter,  it  occurs  both  as  inclusions  and  intergrowths,  and 
their  relation  is  such  in  either  ease  as  to  indicate  that  the  period 
of  crystallization  of  the  biotite  continued  beyond  that  of  the 
pyroxene.    The  feldspar  is  the  same  as  is  usually  seen  in  granitic 
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rocks.  The  extinction  of  orthoclase  was  obtained  in  the  section 
of  the  clinopinacoid,  Qc  Poo,  (010).  It  was  further  reco^ized 
by  a  relief  lower  than  quartz.  The  plagioclase  is  larger,  having 
dimensions  of  0.5  mm.  and  1.5  mm.  It  contains  inclusions  of 
biotite,  pyroxene  partly  altered  to  green  hornblende,  iron  ore, 
some  of  which  shows  crystal  faces,  and  hexagonal  and  lath- 
shaped  sections  of  apatite.  Some  of  the  larger  plagioclases 
include  smaller  ones  of  a  slightly  different  orientation.  Mag- 
netite occurs  in  all  the  essential  minerals,  and  is  mostly  devoid 
of  crystal  faces. 

The  occurrence  of  pyroxene  in  these  two  rocks  indicates  that 
they  belong  to,  perhaps,  a  less  frequent  class  of  rocks,  namely, 
the  augite  granites.  It  should  be  noted  that  these  rocks  show 
effects  of  pressure,  since  many  of  the  minerals  show  wavy  extinc- 
tion and  small  crvstals  are  faulted. 

The  next  three  rocks,  Nos.  94,  95  and  157,  show  remarkable 
similarity.  They  are  all  samples  of  the  granite-porphyry  dyke. 
Nos.  94  and  95  were  obtained  west  of  the  river,  in  Sing-ats'-e 
Ridge,  below  the  middle  of  the  ridge,  and  No.  157  was  obtained 
in  Cemetery  Hill.  The  rock  possesses  porphyritic  structure. 
Carlsbad  phenocr\'sts  1  cm.  in  length,  in  granular  groundmass 
of  about  2  nun.,  is  characteristic.  The  groundmass  is  phaneric, 
and  its  mineral  content  is  readily  recognizable  in  the  hand- 
specimen.  There  is  some  difference  in  the  ferro-magnesian  con- 
tent. There  is  less  of  it  in  157  than  in  94,  but  No.  161,  which 
will  not  be  described,  is  from  the  same  exposure  as  No.  94,  and 
it  shows  less  biotite.  The  hornblende  seems  to  be  as  abundant 
in  one  case  as  the  other.  In  95  the  light  and  dark  colored  min- 
erals are  about  equally  abundant.  In  the  microscopic  slides  of 
all  three  the  phenocrysts  are  microeline,  which  is  recognized  by 
the  combination  of  albite  and  pericline  twins,  which  are  very 
fine  and  have  an  ecjual  and  simultaneous  extinction.  The  ground- 
mass  is  made  up  of  microeline,  plagioclase,  ciuartz,  biotite  and 
hornblende.  The  grain  of  the  grcmndmass  varies  from  1.5  mm. 
to  2  mm.  The  biotite  is  brown,  with  some  leaching  to  a  green 
color.  The  hornblende  is  original,  as  it  shows  in  sections  normal 
to  c  the  prism  and  clino-pinacoidal  faces  co  P(llO),  and  oo  Poo 
(010),  and  the  prism  faces  are  at  an  angle  to  one  another  of 
125^.    This  also  is  the  angle  of  the  cleavages.    The  color  is  green. 
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There  is  no  chlorite  or  caleite,  but  in  slide  95  there  is  some  epi- 
dote.  The  epidote  has  irregular  outline,  but  its  absorption  tint 
(pistachio  green),  high  relief  and  strong  double  refraction  in 
nearly  equally  dimensional  sections  make  its  identification  quite 
certain.  It  has  apparently  replaced  hornblende.  A  consider- 
able portion  of  the  feldspar  is  somewhat  elongated  in  the  zone 
00  p  00  : OP (100:001).  No  section  normal  to  oo  p  oc  (010),  was 
found  in  which  to  measure  extinction  angles  of  the  albite  twins. 
Carlsbad  twins  are  numerous.  In  sections  nearly  parallel  to  the 
brachypinacoid  the  axial  figure  is  only  a  little  to  one  side,  and 
the  axial  plane  makes  an  angle  of  a  few  degrees  with  the  most 
pronounced  cleavage,  which  is  the  basal.  Hence  it  is  quite  cer- 
tain these  feldspars  are  not  very  basic.  Quartz  often  contains 
plagioclase,  as  also  does  microcline.  Apatite  and  sphene  are 
present,  and  the  latter  is  frequently  of  irregular  outline  and  of 
good  size.  There  is  magnetite  present,  and  in  slide  95  a  black 
opaque  mineral  with  narrow  border  of  sphene  may  occasionally 
be  seen,  especially  in  the  larger  crystals  of  hornblende.  It  may 
be  ilmenite.  In  slide  94  the  association  of  sphene,  hornblende, 
biotite  and  magnetite  is  marked.  Strain  effects  are  apparent,  as 
many  minerals  have  a  wavy  extinction  and  show  slight  faulting. 
Apatite  needles  are  broken  and  slightly  displaced.  Xo  indication 
could  be  obtained  that  any  movement  had  taken  place  during 
the  crystallization  of  the  rock.  The  following  analysis  was  made 
of  specimen  94 : 

Per  Ceut. 

SiOj    67.70 

*\U0,    15.95 

*Fe,0,    1.53 

*FeO    1.14 

*MgO    1.23 

*('aO    2.70 

*K20    3.74 

*Xa,0    4.83 

H,()  Co:  105O  C    0.19 

H,0.@  ignition   0.36 

TiO,    0.23 

MnO,  present,  not  determined. 
P.O.-,  j)re8ent,  not  determined. 

Total    99.60 

*Those  were  duplicated,  and  were  concordant  within  .06  per  cent. 
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Specimen  100  occurs  at  the  south  margin  of  the  map  PL  1,  in 
Sing-ats'-e  Ridge.  It  is  an  even-grained  rock,  made  up  of  about 
equal  amounts  of  light  and  dark  colored  minerals.  The  light 
colored  minerals  are  feldspar  and  quartz.  Biotite  and  hornblende 
are  easily  recognizable.  The  slide  contains  plagioclase  feldspar, 
whose  extinction  angle  in  the  zone  normal  to  the  brachypinacoid 
xpx  (010)  is  symmetrically  14°,  but  the  sign  was  not  deter- 
minable, and  this  one  measured  was  not  a  Carlsbad  twin,  hence 
the  tables  of  Michel  Levy  could  not  be  used.  Some  of  the  plagio- 
clase attains  a  length  of  2  mm.  Microcline  and  quartz  of  about 
equal  grain  are  present,  but  the  plagioclase  predominates.  Green 
hornblende  of  a  length  of  2  mm.  is  present  and  in  size  about 
equal  to  the  plagioclase.  There  is  less  of  the  biotite  than  horn- 
blende, and  there  is  less  iron  oxide  in  this  slide  than  in  the  pre- 
vious slides.  Sphene  in  part  idiomorphic  toward  microcline  and 
allotrimorphic  toward  plagioclase  is  a  constituent.  This  rock 
may  be  termed  a  biotite  granite.  No.  120  is  a  similar  rock.  It 
occurs  farther  south,  off  the  map  PL  1,  in  the  same  ridge  and 
under  the  basalt  cap  west  of  Nordyke.  In  the  hand-specimen 
the  feldspars  are  of  two  colors,  brownish  and  white.  These  are 
about  of  the  same  dimensions  and  about  equally  abundant.  The 
remainder  of  the  rock,  about  one-third  of  it,  is  hornblende.  The 
average  size  of  the  first  named  minerals  is  a  little  less  than  0.5 
cm.,  and  that  of  the  hornblende  about  3  mm.  The  contrast  of 
colors  readily  characterizes  the  rock  in  the  field.  In  the  slide  the 
brownish  colored  feldspar  is  orthoclase.  Its  color  is  due  to  dust- 
like impurities.  The  plagioclase  is  clear  for  the  most  part.  Bio- 
tite is  absent  and  the  hornblende  is  of  a  greenish  color.  No  min- 
eral is  idiomorphic  except  some  accessories.  The  iron  ore  has 
irregular  shape  and  shows  a  preference  for  the  honiblende  The 
slide  <is  a  whole  shows  considerable  fracturing  of  the  rock,  and 
thus  indicates  the  disturbance  to  which  it  has  been  submitted,  as 
seen  in  the  field.  The  disturbance  evidently  was  not  long  con- 
tinued, for  no  mineral  indicating  dynamic  metamorphism  is  rec- 
ognized, and  this  is  equally  true  of  all  the  slides  thus  far  exam- 
ined, unless  epidote  and  microcline  be  so  regarded.  The  neees- 
sar>'  water  for  hydration  of  the  iron  and  lime  to  produce  epidote 
may  be  derived  from  the  water  found  in  the  bubble  inclusions 
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of  the  quartz.  In  the  ease  of  those  rocks  containing  biotite  it 
may  be  due  to  decomposition  of  that  mineral,  but  in  the  present 
instance  it  is  not  clear  from  what  source  the  water  was  derived, 
for  the  bubble  inclusions  occur  along  the  fractures  of  the  quartz. 

No.  89  is  an  even  grained  rock,  composed  of  light  green  horn- 
blende and  feldspar,  showing  polysynthetic  twinning  as  viewed 
in  the  hand-specimen.  The  rock  occurs  at  the  east  base  of  Sing- 
ats'-e  Ridge,  and  half  way  from  the  top  of  the  map  PI.  1.  It 
apparently  is  not  of  great  extent.  Hornblende  appears  to  be 
about  one-third  of  the  rock.  The  grain  of  the  rock  is  about  2.5 
mm.  In  the  slide  the  last  named  mineral  is  pale  green  and  some- 
what pleochroic.  No  section  normal  to  the  prisms  was  obtained 
in  which  to  measure  cleavage  angles,  but  in  some  sections,  show- 
ing the  cleavages  parallel  or  very  nearly  so,  the  extinction  was  as 
great  as  15°  or  over.  The  cleavage  is  very  fine  and  lamellar.  Ortho- 
clase  and  quartz  have  less  prominence.  The  plagioclase  differs 
not  essentially  from  that  seen  in  previous  sections.  They  show 
zonal  structure,  and  their  decomposition  has  had  zonal  progress. 
The  quartz  is  fractured,  and  through  its  rifts  are  minute  liquid 
inclusions.    The  cracks  are  quite  parallel  throughout  the  slide. 

No.  141  is  the  granite  of  Mason  Butte.  The  light  and  dark 
minerals  are  about  of  equal  proportions.  The  dark  minerals  are 
hornblende,  biotite  and  chlorite.  Epidote  is  noticeable.  Quartz 
and  feldspar  comprise  the  light  colored  minerals.  The  average 
grain  of  the  rock  is  4  mm.  In  the  slides  the  feldspar  appears  to 
be  mostly  orthoclase,  since  it  is  free  from  lamellar  twinning  and 
possesses  low  relief  and  birefringence.  Quartz  is  next  in  import- 
ance, and  there  are  a  few  individuals  of  microcline.  The  horn- 
lende  is  sparingly  present,  its  cleavage  and  form  normal  to  prism 
zone  indicating  its  presence  beyond  doubt.  Brown  biotite  is 
believed  to  have  been  once  present  in  an  abundance,  for  chlorite, 
with  a  few  remaining  shreds  of  brown  biotite,  is  very  plentiful. 
The  chlorite  shows  the  micaceous  cleavage,  and  the  extinction  is 
parallel  to  the  cleavage.  Its  very  low  double  refraction,  *' ultra 
blue, ' '  between  crossed  nicols,  makes  it  easily  recognizable.  Some 
iron  ore  and  perhaps  secondary  silica  is  in  evidence.  Epidote  is 
easily  recognizable  by  its  relief  and  strong  double  refraction.  It 
is  thought  to  be  secondary  because  of  its  intimate  association  with 
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chlorite,  and  it  is  idiomorphic  toward  the  chlorite  and  thus  ante- 
dates it  in  formation.  The  necessary  ingredients  for  these  pro- 
ducts doubtless  were  derived  from  the  ferro-magnesian  minerals 
for  the  most  part.  Much  of  the  quartz  possesses  inclusions  along 
cracks,  and  the  latter  preserve  nearly  a  singleness  of  direction. 
The  feldspar  also  shows  alteration  to  a  fine  fibrous  or  shredded 
mineral  giving  interference  colors  of  yellow  and  green  of  the 
second  order.  It  is  thought  to  be  sericite.  The  epidote  shows 
fracturing,  so  that  it  was  formed  previous  to  the  general  defor- 
mation suffered  by  the  rock.  This  rock  evidently  would  be 
termed  a  biotite  granite. 

No.  77  is  a  representative  sample  of  the  granite  south  of 
Mickey  Pass.  It  is  a  nearly  white  rock,  being  sprinkled  through- 
out with  hornblende  4  mm.  in  average  length,  the  quartz  is  pres- 
ent, fairly  idiomorphic,  and  of  a  width  of  3  mm.  Feldspar  forms 
most  of  the  rock,  and  twinning  is  apparent,  though  the  rock  is 
somewhat  altered.  The  rock  is  porphyritic.  This  rock  is  some- 
what similar  to  Nos.  94,  95  and  157,  and  its  only  apparent  dif- 
ference is  that  it  is  more  acidic.  No.  109,  which  occurs  near  the 
Ludwig  Mine,  differs  only  a  little  from  it,  and  that  in  containing 
a  little  epidote.  The  groundmass  is  very  fine,  and  is  resoluble 
with  difficulty. 

The  Forphyrite. — This  rock  was  not  studied  microscopically. 
It  occurs  in  the  north  end  of  the  first  ridge  shown  on  PI.  1,  and 
also  in  a  few  dykes  in  the  third  ridge  and  Blue  Jay  Butte.  It  is 
a  porphyritic  rock,  apparently  free  from  quartz,  and  has  a  dark 
colored  aphanitic  groundmass  in  which  are  phenocr>^sts  of  feld- 
.spar  averaging  from  3  mm.  to  4  mm.  in  length. 

The  Hornblende  Andesite, — No.  142  is  from  the  dykes  of 
Mason  Butte,  and  146  is  from  near  ^lickey  Pass.  Phenocrysts  of 
dark  hornblende  are  inclosed  in  a  light  blue  or  lavender  colored 
groundmass.  The  hornblende  is  abundant  and  from  2  mm.  to 
3  mm.  in  length.  Occasionally  the  feldspar  assumes  a  length  of 
1.5  mm.  The  rock  weathers  to  a  dull  red  color,  and  may  easily 
be  confounded  at  a  distance  with  the  later  andesite  and  with  the 
rhyolite.  The  hornblende  is  occasionally  twinned.  The  feldspar 
shows  a  growth  by  zones  which  have  not  been  equally  spaced, 
and  sections  approximating  parallelism  to  oo  P  oo  (010)  have  a 
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variation  of  extinction  of  16°  from  center  to  periphery.  The 
extinction  of  labradorite  was  obtained  for  the  peripheral  zones. 
Squares  of  magnetite  0.12  mm.  are  frequent,  and  small  and  large 
sized  crystals  of  apatite  are  abundant.  Some  flow  structure  is 
exhibited  for  the  earlier  products  of  crystallization.  The  ground- 
mass  remains  equally  luminous  between  crossed  nicols  when  the 
stage  is  rotated ;  and  with  a  high  power  and  intense  light  there 
seems  to  be  no  glass  present ;  and  apparently  it  is  wholly  felds- 
pathic.  The  larger  phenocrysts  of  feldspar  exhibit  the  phe- 
nomena of  resorption  and  subsequent  growth,  and  their  outline 
is  less  regular  than  the  smaller  sized  ones.  Calcite,  as  an  altera- 
tion product,  pervades  both  the  groundmass  and  the  phenocrysts, 
and  chlorite  occurs  only  in  142.  The  hornblende  of  No.  146 
shows  a  marginal  lighter  color  and  a  breaking  down  into  a  fibrous 
or  leafy  aggregate  which  is  notably  free  from  chlorite.  The  horn- 
blende is  often  fractured  and  dislocated.  Apatite  occurs  in  stout 
prisms,  and  in  some  instances  without  idiomorphic  outline.  Mag- 
netite, which  is  in  grains  rather  too  large  to  be  considered  sec- 
ondarj'  in  this  rock,  takes  form  against  the  apatite  irregularly, 
with  a  tendency  to  inclose  it.  This  indicates  that  the  magnetite 
and  apatite  had  crystallized  contemporaneously,  but  that  the 
magnetite  had  continued  longer  to  cr>-stallize.  Some  of  the  apa- 
tite shows  embayments  and  inlets  suggestive  of  corrosion,  and 
in  these  are  calcite.  It  is  also  somewhat  fractured,  and  it  is  per- 
haps in  the  groundmass  that  the  record  comparable  to  that 
already  found  in  the  granite,  of  the  general  dynamic  effects 
which  are  the  result  of  the  deformation  of  the  region,  are  found. 
The  flowage  of  the  molten  rock,  which  more  or  less  fractured  the 
phenocrysts,  makes  it  evident  that,  in  studying  the  dynamic 
effects  as  revealed  in  the  rock,  any  disturbance  that  affected  the 
groundmass  after  it  crystallized  should  be  distinguished  from 
that  which  had  affected  the  phenocrvsts  during  their  movement. 
In  the  case  of  the  phenocrysts  the  effects  due  to  movement  in  the 
magma  are,  in  the  present  rock,  greater  than  those  due  to  defor- 
mation after  the  rock  had  crystallized :  hence  it  is  in  the  ground- 
mass  that  the  record  is  clear.  The  effect  is  apparent  through 
the  groundmass,  but  it  does  not  show  anv  indications  of  dvnamic 
mineralization. 
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The  Later  Andesite. — This  rock  occurs  as  a 'cap  in  the  north- 
west comer  of  the  map  PI.  1.  Specimen  No.  131  is  representative. 
The  color  of  the  rock  is  red,  both  on  the  weathered  and  fresh 
fractured  surfaces.  There  are  numerous  phenocrysts  of  feldspar, 
2  mm.  to  4  mm.  long,  inclosed  in  a  groundmass.  The  specific 
gravity  of  the  feldspar  was  determined  by  a  heavy  solution  to 
be  2.685,  thus  indicating  it  to  be  a  basic  andesine  or  acid  labra- 
dorite.  The  evidence  obtainable  in  the  slide  was  not  sufficient 
to  be  confirmatory.  No  quartz  was  detected,  and  a  determination 
of  the  silica  gave  57  per  cent.,  which  clearly  indicates  the  rock 
to  be  an  andesite.  A  few  large  phenocrysts  of  feldspar  in  the 
slide  are  polysynthetically  twinned,  and  they  show  zonal  growth. 
Occasionally  the  centers  of  the  phenocrysts  contain  numerous 
inclusions,  while  the  margins  are  free,  and  a  few  crystals  of  horn- 
blende of  lesser  size  are  present.  The  groundmass  contains  innu- 
merable lath-feldspars  and  an  abundance  of  a  translucent  min- 
eral of  a  reddish  brown  color  and  of  rectangular  cross-section. 
It  may  be  a  pseudomorphic  replacement  of  hornblende  by  limon- 
ite.  There  is  no  parallelism  of  structure  in  the  groundmass,  and 
no  glass. 

The  Rhi/olite. — This  rock  is  well  represented  over  the  region. 
It  weathers  to  a  reddish  color,  and  on  a  fresh  fracture  it  is  some- 
what lighter.  It  often  contains  foreign  material,  such  as  frag- 
ments of  the  surface  over  which  it  flowed.  Quartz,  glassy  feld- 
spar and  some  biotite  are  noticeable  in  the  specimens.  Lying 
u.sually  under  this  rock  is  a  white  one  which  appeai-s  rather  tufa- 
ceous,  and  on  the  weathered  surface  of  this  latter  may  be  found 
dihexhedral  quartz  crystals  3  mm.  to  4  nun.  in  length;  also  a 
glassy,  idiomorphic  feldspar  of  similar  size.  These  cr>'stals  of 
feldspar  and  quartz  are  frequently  corroded  and  often  frac- 
tured. The  pyramidal  faces  of  the  quartz  are  well  represented, 
and  there  is  usually  a  prism  face  in  evidence.  Faces  correspond- 
ing to  the  following  are  recognized  on  the  feldspar:  OP  (001), 
»  p  (110),  2P^  (201  and  201),  Poo(ioi),  P  (111),  P3,  (130) 
and  (130),  copco  (010),  and2PQo  (021and02l).  In  the  sections 
only  one  of  the  phenocrysts  could  be  measured  for  a  positive 
result.  A  section  normal  to  the  brachypinacoid,  oo  P  o6  (010)  of 
a  crystal  possessing  lamellar  twinning  shows  the  two  feldspar 
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cleavages,  one  paralJel  to  the  twinning  and  the  other  more  pro- 
nounced at  approximately  the  feldspar  angle.  The  extinction 
is  nearly  symmetrically  20*^  to  the  twinning  lines,  and  the  biaxial 
figure  is  nearly  central.  A  section  possessing  such  characters 
indicates  it  beyond  doubt  to  be  albite.  Another  crystal  has  char- 
acters which  suggest  in  a  rock  like  this  one  the  soda-lime  feld- 
spar, oligoclase.  Sections  from  different  portions  of  the  rhyo- 
lite  vary  somewhat  as  to  ferro-magnesian  content.  Some  speci- 
mens contain  hornblende  with  biotite,  while  other  specimens, 
from  other  localities,  contain  either  alone.  The  biotite  is  often 
bent,  and  fluidal  structure  is  exhibited.  It  and  the  hornblende 
show  alteration  to  magnetite  and  hematite.  Many  of  the  feld- 
spar phenocrysts  show  a  marginal  growth  and  a  concluding 
corrosive  action.  The  quartz  and  feldspar  usually  show  embay- 
ments  and  inlets  of  the  groundmass,  and  rounded  comers.  Sub- 
seriuently  there  was  a  fracturing  of  the  phenocrysts  and  migra- 
tion of  sharp,  angular  pieces.  The  groundmass  is  red  and  cloudy 
from  inclusions.  Spherulitic  structure  is  shown  to  some  extent. 
Prom  the  opacity  of  the  groundmass  it  is  difficult  to  ascertain 
if  it  is  wholly  crystalline  or  not.  The  phenocrysts  make  up  about 
one-third  of  the  rock.    The  following  analysis  was  made  of  this 

rock.  Duplicate.  Difference.  Average. 

%  %  %  % 

SiO,    69.49  69.46  0.03  69.47 

ALO3 11.74  11.72  0.02  11.73 

FeAi    5.11  5.06  0.05  5.08 

FeO    0.48  0.47  0.01  0.48 

MgO   1.02  0.96  0.06  0.99 

( 'aO    2.60  2.66  0.06  2.63 

K,0 5.40  5.29  0.11  5.34 

Na,0    3.45  3.47  0.02  3.46 

11.0^0)105°    C 0.31  0.32  0.01  0.31 

H2O  @  ig     1.28  1.28  0.00  1.28 

MnO present  present  not  determined 

PjO.^ present  present  not  determined 

100.88         100.69  100.77 

The  Basalt. — This  rock  occurs  on  the  map  PI.  1  at  the  south 
end  of  Sing-ats'-e  Ridge  and  on  Whirlwind  Mountain,  sho>\Ti  on 
PI.  2.  Two  thin  sections  were  inade  of  these  rocks,  but  as  they 
are  not  distintjuishable  from  one  another  only  one,  No.  121,  will 
be  described.    This  rock  on  the  freshest  fracture  is  black,  but  on 


Vol.  41     Smith.    Upper  Region  of  Main  Walker  River.  27 

a  long  exposed  surface  it  turns  slightly  red.  At  a  distenee  it 
-always  appears  black.  Microscopically,  feldspar  and  pyroxene 
make  up  the  bulk  of  the  rock.  Opaque  iron  ore  is  relatively  abun- 
dant and  in  irregular  form.  Translucent  hematite  of  a  reddish 
brown  color  is  also  recognizable.  No  olivine  was  with  certainty 
recognized,  and  nearly  half  the  rock  is  a  ferro-magnesian  mineral, 
which  is  an  aluminous  monoclinic  pyroxene.  It  and  tlie  feld- 
spar are  apparently  contemporaneous  to  some  extent  in  crystalli- 
zation; the  pyroxene  is  often  twinned,  and  has  a  nearly  rectan- 
gular cleavage  in  sections  normal  to  an  optic  axis,  and  has 
oblique  extinction  and  irregular  boundary.  Its  color  is  faint 
yellow  or  greenish,  and  its  double  refraction  is  strong,  being  blue 
and  yellow  of  the  second  order,  adjacent  to  quartz  showing  gray 
or  grayish  blue  of  the  first  order.  Within  the  augite  are  needles 
of  apatite  and  also  iron  oxide.  The  feldspar  is  of  various  sizes. 
The  largest  are  about  1  mm.  in  length.  Then  there  are  sections 
nearly  squared  0»5  mm.,  and  the  smallest  feldspars  are  lath- 
.shaped.  The  twinning  of  the  larger  phenocrysts  exhibits  rather 
broad  and  irregular  stripes,  and  zonal  grow^ths  are  also  pro- 
nounced. Oblique  intergrowths  are  frequent,  and  many  of  the 
larger  feldspars  show  resorption  near  the  margin,  and  subsequent 
growth.  This  growth  was  more  acid,  having  a  lower  relief  and 
different  extinction.  The  margin  occasionally  contains  granular 
inclusions  agreeing  quite  well  with  the  augite,  which  would  seem 
to  indicate  that  it  continued  to  crystallize  up  to  a  late  date,  which 
may  be  as  late  as,  or  subsequent  to,  the  period  of  effiLsion.  As 
for  the  phenocrysts  of  feldspar,  a  last  attack  is  also  noticeable 
on  their  margin ;  but  not  so  on  the  small,  lath-shaped  ones,  which 
may  have  gro>\'n  in  part  at  the  expense  of  the  more  acid  exterior 
of  the  larger  ones.  No  glass  was  recognizable.  Where  alteration 
has  taken  place  the  plagioclase  shows  no  calcite.  But  it  is  thought 
this  agrees  with  what  has  usually  been  observed,  that  even  should 
the  plagioclase  contains  more  calcium,  calcite  does  not  seem  to 
form  as  readily  as  in  the  less  basic  members  of  the  series.  The 
absence  of  isotropic  glass  and  a  fluidal  arrangement  of  the  lath- 
feldspars  seem  to  indicate  the  ability  to  crystalize  at  a  com- 
paratively low  temperature.  It  may  be  remembered  in  this 
connection  the  apparent  sheet  like  appearance  of  this  lava. 
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The  SrhiHtH. — New.  IfiHa  and  1686  are  8aiiiple8  of  the  ftchiHtB 
Mhowii  on  Sin^-atH'-e  Kid^e  near  the  fiouthem  end,  aji  may  be 
Heen  on  the  map  PI.  1.  The  ^ain  of  the  schist  is  variable  and 
the  HlideH  differ  but  a  little.  Riotite  and  quartz,  and  oecaiiionally 
Home  mnall  areaH  of  Herieitiz<*d  feldspar  may  be  seen  through 
them.  Slide  WHc  is  from  the  wfhistoid  dyke  which  is  contained 
within  this  area,  and  which  was  mentioned  as  containing  dis- 
seminated sulphides  of  iron  and  copper.  It  differs  not  essen- 
tially from  the  other  two.  In  slid(»  1686  the  biotite  is  somewhat 
decomposed  to  epidote  and  chlorite  near  the  feldspathic  areas 
within  the  slide. 

HKqVKSCK  OF  TIIK  KiNBOlTK  ROCKK. 

The  relative  ages  of  the*  igneous  rocks  are  granite,  granite*- 
porf)hyry,  pori)hyrite,  hornblende  andesite,  rhyolite,  later  ande- 
site,  and  basalt,  the  relation  of  the  last  two  not  being  determined. 

(){  the  lavas,  two  were  traced  t^)  points  of  exit  and  two  were 
not.  The  honiblende  andcwite  and  the  rhyolite  were  found  in 
dyk(*s  as  well  as  distributed  on  the  surface,  but  the  basaltic  and 
latter  and(*siti(^  n)cks  were  not  found  in  any  sort  of  vent.  This 
docH  not  signify.  how<»ver,  that  their  points  of  exit  are  greatly 
distant,  but  perhaps  tliat  the  writer^s  acquaintance  with  them 

is  lc*KS. 

THK  OKK  DKPOSITK. 

Tht'  (Irposits  of  value  curry  copper  and  gold,  but  the  two 
inetalH  an?  not  aHsociated  with  one  another  in  pay  valu«»s.  The 
richest  copper  defiositH  curvy  no  gold,  except  perhaps  as  a  trace, 
though  oceaHionaiJy  a  jroJd  bearing  vein  eontains  copper,  but 
nr»t  in  valu<»s  suffieient  to  warnint  treating:  the  ore  for  that  metal 
alone. 

(if'(dof/f/  iff  tin  l)( posits.  It  has  been  stated  in  eoriMiderini; 
the  gen«*ral  jreojotry  of  the  region  that  the  mineral  veiim  are  eon- 
foriiiable  to  either  (»rie  or  the  other  of  the  niair)  struetural  featur(»s 
the  region,  and  sueh  beinu  the  cnm\  it  would  wem  that  they  weiv 
eoriHeijnent  up(Mi  the  inauguration  of  theHe  HyKteniN,  but  it  is 
not  to  be  inferred  that  they  were  fr)rnied  Hubsivjuently  to  all  the 
Htruetural  featureM.  In  faet,  there  KeeriiK  tr)  l)e  very  positive  evi- 
dence that  they  prec(*ded  the  prcHcrit  topography,  which  stands 
as  a  record  of  the  later  staj;es  of  deformation.    In  some  instanc(*s 
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there  are  a  few  veins  that  do  not  eonform  to  either  gystem. 

That  the  mineral  veins  have  preceded  the  present  topography 
fieeius  quite  clear,  and  this  is  thought  to  be  so  for  two  principal 
reasons,  which  are,  the  absence  of  the  veins  from  the  rhyolite 
and  the  fact  that  the  veins  often  reach  to  the  highest  summits. 
The  latter  condition  would  indicate  that  there  is  not  now  suffi- 
cient hydrostatic  head  under  present  conditions  of  surface  con- 
figuration to  bring  the  solutions  from  which  the  veins  were 
formed  to  their  present  height.  It  may  be  remembered  in  con- 
nection with  the  first  of  these  reasons  that  preWous  to  the  advent 
of  the  rhyolite  the  region  was  reduced  to  one  of  tolerably  low 
relief.  This  e\identlv  indicates  that  the  vein  fonnation  was  not 
active  at  the  surface,  and  it  was  not  until  the  later  Tertiary, 
when  the  present  ranges  had  been  lifted  and  erosion  had  begiui 
its  work  of  uncovering  them,  that  they  became  exposeil. 

The  period  of  formation  of  the  veins  closed  with  the  making 
of  the  present  mountains  in  the  Tertiary,  but  when  it  began  is 
not  so  clear.  Most  likely  it  was  after  the  effusion  of  the  early 
andesite.  for  in  one  instance  an  andesite  dyke  forms  one  wall 
of  a  vein.  It  appears  that  no  andesite  remains  residual  near 
the  metamorphics  in  \i'hieh  the  strongest  deposits  of  copper 
(X'cur. 

The  D( [posits  in  Particular. — In  a  few  instances  the  mining 
has  progressed  beyond  the  prospect  stage.  At  the  Ludwig  Cop- 
I)er  Mine  a  depth  of  about  four  hundn^d  feet  has  been  reached. 
The  ore  occurs  in  chambers  in  limestone.  These  chambers  when 
taken  together  occur  each  more  or  less  below  the  other,  and  when 
considered  as  a  whole  the  idea  of  an  ore  chute  nearly  expresses 
their  character.  The  chambers  are  along  the  contact  between 
the  ircm  ore  deposit  and  limestone,  which  two  occur  as  a  simple 
outcrop  having  considerable  length  and  a  width  of  k*ss  than  a 
hundred  feet.  They  do  not  meet  squarely  in  this  outcrop,  but 
somewhat  diagimally,  hence  there  is  a  longer  contact  zone  for  the 
chutes.  The  rest  of  the  countrj'  rock  is  granitic.  The  ores  are 
sulphide,  oxide  and  carbonate.  At  the  Douglas  Mine  the  ore  is 
chalcopyrite  and  chalcocite*  the  gangue  is  garnet  if  enms.  AlK>ut 
half  of  the  ore  is  sulphide.  It  was  apparently  along  the  lines 
of  fracture  that  the  ore  solutions  found  their  wav.    The  country 
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rock  is  in  part  almost  wholly  garnet  and  in  part  granitic;  with 
small  areas  of  limestone  overlain.  At  the  Blue  Stone  Mine  the 
country  rock  is  an  almost  entirely  altered  limestone.  It  is  perhaps 
more  than  half  epidote,  and  presents  in  the  hand-specimen  a  pale 
greenish  gray  color.  This  mass  has  been  more  or  less  fractured 
and  refilled  with  calcite,  in  which  the  chalcopyrite  is  imbedded. 
The  chalcopyrite  is  usually  idiomorphic,  at  least  it  usually  has 
one  or  two  well  formed  faces.  The  rifts  containing  the  ore  betray 
some  parallelism.  The  mine  was  named  from  a  deposit  of  chal- 
canthite  (blue-stone)  which  occurs  near  the  surface.  Farther 
south  on  this  same  ridge  is  the  McConell  Copper  Mine,  where  ore 
occurs  mostly  as  an  oxide.  Oxidation  has  probably  extended 
deeper  there  than  any  of  the  places  thus  far  mentioned.  Near 
this  mine  are  several  prospects,  which  usually  are  near  a  contact 
of  limestone  and  granite.  The  deposits  so  far  mentioned  are 
all  in  or  adjacent  to  the  belt  of  schist.  One  reef  of  schist  of  a 
dark  color,  which  is  thus  in  contrast  to  the  rest  of  the  surround- 
ing schist,  crosses  the  summit  transversely.  In  it  there  was 
found  disseminated  sulphides  of  copper  and  iron.  The  reef  was 
supposed,  on  account  of  its  strike  and  width,  to  be  a  dyke  which 
had  suffered  along  with  the  rest  of  the  rocks  the  dynamic  action 
which  produced  the  schists.  Sulphide  was  also  found  near  the 
grano-porphyry  where  it  had  been  involved  in  the  metamorphic 
action,  but  the  sulphide  did  not  appear  to  be  so  much  dissemi- 
nated as  in  the  case  of  the  dark  reef. 

Farther  south  of  the  McConell  Mine,  and  off  the  map  PI,  1, 
gold  occurs,  and  it  also  occurs  in  the  Mason  Pass,  to  the  north. 
There  is  also  mineralization  to  some  extent  northeast  of  the  Blue 
Stone  Mine,  in  the  low  hills  near  the  west  side  of  the  river.  East 
of  the  river,  near  the  eastern  border  of  the  map  PI.  1,  are  several 
veins  of  copper.  They  have  a  very  definite  strike  and  dip,  and 
are  transverse  to  the  summit  of  the  ndges,  and  they  occur  along 
faults.  There  is  not  apparent  the  same  amount  of  replacement 
of  the  wall  rock  or  corrosion  of  the  included  breccia  as  in  the 
case  of  the  Ludwig  and  Douglas  mines.  Of  these  eastern  ledsres 
the  Blue  Jay  has  been  most  prospected.  The  mineralization  in 
this  case  is  confined  to  a  belt  about  two  hundred  feet  wide  along 
a  fault.    The  ore,  which  at  the  surface  is  cuprite,  occurs  in  cracks 
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and  fissures.  The  thin  sections  of  the  rock  of  this  belt  show 
more  or  less  alteration  of  the  rock  and  substitution  of  quartz 
which  contains  liquid  inclusions.  Sulphide  ores  make  some 
appearance  farther  down  in  the  prospect,  and  there  has  been 
considerable  oxidation  aloncr  the  fault,  and  more  particularly 
because  it  is  vertical  and  in  the  bottom  of  a  canon.  A  hydrous 
copper  phosphate,  which  the  miners  termed  malachite,  occurs  in 
the  mine,  and  from  qualitative  chemical  tests  made  by  the 
writer  it  appears  to  be  libethenite;  and  from  some  groniometrical 
mea.surements  made  by  W.  T.  Schaller  of  the  United  States  Geo- 
logical Survey  it  exhibits  a  few  new  forms.  Also  of  some  interest 
is  the  formation  of  chalcanthite  since  the  mining  began.  It 
appears  to  have  formed  in  consequence  of  the  steam  w^hich  was 
introduced  in  diamond  drilling.  The  remainder  of  the  ledsres 
occur  from  two  to  six  feet  wide,  and  the  ore  is  much  oxidized 
and  leached.  In  some  of  the  microscopic  slides  of  the  ores  that 
have  not  been  mentioned  a  very  intimate  relation  of  epidote  to 
ehalcopyrite  is  noticeable.  The  epidote  occurs  quite  irregularly  in 
outline,  and  the  ehalcopyrite  tends  to  inclose  it.  The  latter 
usually  shows  one  or  more  quite  distinct  faces.  This  would  seem 
to  indicate  that  the  ehalcopyrite  ceased  to  crystallize  after  the 
epidote  and  before  the  calcite  or  the  quartz.  In  this  connection 
it  may  be  well  to  mention  some  of  the  considerations  of  a  petro- 
graphical  character  that  guided  the  writer  in  the  study  of  the 
ores  and  their  occurrence. 

There  appears  as  a  corollary  to  many  of  the  contributions  to 
the  subject  of  the  formation  of  mineral  veins,  wnth  respect  to 
their  structure,  that  relative  idiomorphism  and  chemical  phase 
cannot  be  regarded  as  having  exactly  the  same  significance  that 
they  have  in  the  case  of  the  igneous  rocks.  Their  significance 
depends  upon  a  different  set  of  conditions.  The  banded  struc- 
ture frequently  seen  is  due  to  a  change  in  the  solutions  while 
the  fissure  is  being  filled;  and  as  the  filling  starts  on  the  walls 
and  extends  by  successive  layers  or  bands  toward  the  middle, 
each  mineral  composing  the  layers  is  formed  against  a  pre\nous 
surface,  and  hence  must  have  on  one  side  the  form  of  that  sur- 
face. The  other  sides  may  not  be  freely  developed  on  account 
of  interference  due  to  the  minerals  being  contemporaneously 
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grown.  This  is  comparable  to  the  allotriomorphic  structure  in 
granitic  rocks.  The  bands  may  not  show  successively  any  regu- 
larity of  chemical  phase ;  one  may  be  more  acid  than  the  next, 
or  may  be  capriciously  either,  thus  not  possessing  the  regularity 
of  the  Rosenbusch  order  of  crystallization.  The  writer  was 
enabled  to  exemplify  these  propositions  at  the  Steamboat 
Springs,  which  are  near.  This  occurrence,  as  is  well  known,  is 
often  cited  as  an  instance  of  vein  filling  now  in  actual  progress, 
and  c(msequently  is  one  from  which  many  of  the  ideas  in  regard 
to  vein  filling,  including  those  on  the  crystallization  of  vein  min- 
erals, were  derived.  Another  very  good  instance  also  occurs  at 
Bridgeport,  Mono  County,  California,  near  the  source  of  the 
East  Walker.  It  appears  to  have  passed  so  far  unnoticed.  In- 
stead of  quartz  being  the  filling  material,  a  variegated  travertine 
is  filling  the  fissures.  It  is  shown  at  this  place,  in  addition  to 
what  is  shown  at  the  Steamboat  Springs,  how  a  portion  of  a  vein 
may  be  formed  without  being  directly  attached  to  a  previous 
surface.  Hence  idiomorphism  has  been  taken  in  the  sense  just 
described  in  the  study  of  the  ores. 

An  Occurrence  of  Native  Copper, — One  occurrence  of  native 
copper  has  been  discovered.  It  is  not  extensive  enough  to  have 
sufficient  economic  value  to  make  the  mining  of  it  profitable,  but 
a  study  of  its  origin  was  found  to  be  of  an  economic  worth. 
While  the  ore  bodies  themselves  have  been  produced  by  aqueous 
solutions,  this  occurrence  of  native  copper  was  produced  by 
reduction  due  to  the  heat  generated  by  subsequent  dynamic 
action,  and  a  close  parallelism  was  thus  found  to  smelting  pro- 
cesses, and  by  chemical  and  microscopical  investigation  of  the 
ore  and  rocks  adjacent  to  the  native  metal  many  of  the  steps  that 
have  been  taken  in  the  reduction  are  revealed,  with  the  result  that 
several  suggestions  were  obtained  for  the  actual  treatment  of 
the  ores,  and  thus  an  opportunity  was  offered  for  an  improve- 
ment in  the  smelting  fonnulas  and  some  troublesome  irregulari- 
ties lessened. 

University  of  California, 
December,  1904, 
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BY 


John  C.  Merriam. 


During  the  last  sunimer  an  expedition  from  the  University 
of  California  spent  some  weeks  in  searchin*^  for  ichthyosaurian 
remains  in  the  Middle  Triassic  limestones  of  Nevada.  Both  Mr. 
E.  L.  Fiirlongr,  who  directed  the  work,  and  Mr.  H.  M.  Evans,  who 
accompanied  him,  discovered  unexpectedly  j^ood  material,  which 
will  make  pos.sible  considerable  advances  in  our  knowledgre  of 
these  very  early  fonns. 

The  oldest  known  Ichthyosaurians  of  which  more  than  iso- 
lated elements  or  very  frajrmentary  material  have  been  described 
are  the  Mixosaui's  of  the  Xorth  Italian  Trinssic.  They  were 
obtained  from  beds  which  have  been  held  to  re[)resent  the  upper 
portion  of  the  Middle  Triassic.  The  oldest  American  Ichthyo- 
saurs  of  which  more  than  the  vertebrae  have  been  described  are 
the  Shastasaurs  and  the  accompanyintr  types  from  the  Tpper 
Tria.ssic  of  California.  Up  to  this  time  the  limbs  and  arches  of 
the  North  American  Middle  Triassic  forms  have  b(»eu  known  only 
from  seattered  Ixmes,  the  description  of  which  has  been  withheld 
until  more  satisfactory  material  should  be  obtained. 

Am(m<r  the  specimens  discovered  this  yeai*  is  one  which  shows 
the  anterior  half  of  the  vertebral  colunni,  one  side  of  the  pec- 
toral arch  complete,  the  fii*st  two  sejrments  of  a  pectoral  limb, 
and  nearlv  the  (»ntire  skull.  It  was  found  in  the  Middle  Triassic 
limestones  of   Cottonwood   Cafum    bv    Mr.    11.    M.    Evans.      As 
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nearly  as  can  be  determined,  these  beds  seem  to  be  somewhat 
older  than  those  from  which  the  Mixosaurs  of  the  Italian  Trias 
have  been  obtained.  Prom  the  limestone  horizon  exposed  in 
Cottonwood  Caiion  two  saurian  species  have  been  described  by 
Leidy.*  Both  were  founded  upon  portions  of  vertebrae  neither 
the  generic  nor  specific  characters  of  which  have  yet  been  satis- 
factorily determined.  The  most  common  ichthyosaurian  species 
in  these  beds  shows  a  stronp:  similarity  to  the  imperfect  speci- 
mens designated  as  Cifmhospondijlus  peirinus  by  Leidy.  The 
specimen  described  here  is  tentatively  referred  to  that  species. 

The  greater  number  of  the  Ichthyosaurians  showing  primi- 
tive limb  sti*ucture  which  have  been  described  up  to  this  time 
have  been  very  small  forms,  and  a  sujjjrestion  of  doubt  may  rea- 
sonably have  been  entertained  concerning:  the  probability  of  lar^e 
forms  from  the  same  beds  showing  these  archaic  characters  to 
the  same  dejjree.  The  earlier  representatives  of  most  groups  are 
small,  and  in  such  forms  primitive  characters  appear  frequently 
when  they  would  not  be  present  in  larger  members  of  the  same 
group.  It  is,  therefore,  a  matter  of  some  significance  that  the 
specimen  under  consideration  ranks  among  the  larger  Ichthyo- 
saurs,  the  skull  measuring  at  least  a  metre  in  length  and  the 
humerus  280  nun.  in  length. 

The  elements  of  the  pectoral  arch  and  the  limb  were  found 
in  nearly  the  position  in  which  they  aro  figured,  PI.  5,  excepting 
the  scapula,  which  had  been  partly  inverted. 

The  pectoral  arch  differs  from  that  of  all  ichthyosaurian 
genera  heretofore  described.  The  coracoid  is  sickle-shaped,  with 
a  convex  anterior  border  and  an  acute  posterior  angle.  A  fora- 
men of  considerable  size  is  situated  a  little  in  front  of  the  pn)x- 
imal  articulaticm.  This  element  differs  from  the  coracoid  in 
Mixosaurus  and  in  Shastasaurus  in  possessing  a  convex  anterior 
border,  while  in  both  of  the  other  genera  the  proximal  end  is 
narrowed  or  pedunculate  and  the  anterior  border  concave  in  part. 
Excepting  the  presence  of  a  distinct  perforation,  the  form  is 
nuich  the  same  as  in  the  coracoid  of  the  recently  described  Delphi- 
nosaurnsy  from  the  Upper  Triassic  of  California. 

*See  Hull.  Dept.  Geol.,  Univ.  Calif.,  Vol.  3,  No.  4,  p.  104. 
tAni.  Jour.  Sci.,  Vol.  19,  p.  24,  Jan.,  1905. 
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The  scapula  is  very  stronp:ly  cur\'ed  laterally  to  accommodate 
itself  to  the  curvature  of  the  body.  The  anterior  and  posterior 
borders  are  broken  somewhat  and  may  have  extended  out  into  a 
hook  on  each  side,  as  in  most  of  the  Triassic  forms.  The  outer 
border  is  practically  entire  and  is  nearly  straight,  giving  the 
element  somewhat  more  of  the  form  seen  in  the  true  Ichthyo- 
saurs. 

The  clavicle  is  very  large  and  heavy ;  much  broader  and  more 
robust  than  in  Mixosaurus.  The  median  end  appears  to  have  a 
large  facet  for  the  inter  clavicle,  but,  strangely  enough,  that  ele- 
ment has  never  yet  been  clearly  seen  in  any  of  the  numerous 
lehthyosaurians  obtained  from  the  West- American  Triassic. 

Taken  as  a  whole,  the  pectoral  arch  resembles  that  of  Delphi- 
uosaunis  more  than  it  does  that  of  any  other  fonn.  As  will 
appear  later,  these  forms  also  show  evidences  of  affinity  in  the 
structure  of  the  extremities. 

As  much  of  the  pectoral  limb  as  is  known  shows  more  resem- 
blance to  the  type  seen  in  Mixosaurus  than  to  any  other  form. 
The  humerus  is  of  much  the  same  type  as  in  Mixosaurus,  but  is 
if  anything  a  little  more  slender.  Of  the  two  humeri  figured  by 
Repossi*  the  principal  illustration  (fig.  2)  represents  an 
extraordinarily  long  and  narrow  form.  In  the  other  specimen 
(fig.  1),  as  in  still  others,  the  humerus  is  almost  as  broad  as  it 
is  hmir.t 

The  epipodial  elements  are  relatively  long,  a,s  in  all  of  the  ear- 
lier Ichthyosaurs,  and  the  space  between  them  is  very  broad.  The 
radius  is,  so  far  as  the  writer  is  aware,  the  narrowest  specimen 
known  in  the  Ichthyosauria,  and  the  constriction  of  the  median 
or  shaft  portion  is  pronounced.  The  uhia  shows  the  most  primi- 
tive fonn  known  in  this  group,  and  at  the  same  time  presents 
ceilain  rather  peculiar  characters.  In  all  other  Ichthyosaurs. 
excepting  Delphi twsaur us ,  the  postenor  border  of  the  ulna  is 
expanded  and  usually  convex.  In  these  two  forms  it  is  concave 
or  notched,  like  the  outer  or  anterior  border  of  the  radius ;  and 


*Atti  Soc.  Ital.  Sc.  Nat.,  Vol.  41,  PI.  9,  figs.  1  and  2. 

tit  would  appear  to  the  writer  that  Bepossi^s  figure  4,  Plate  9,  loc.  eit. 
represents  a  femur  rather  than  a  humerus.  It  has  the  form  of  the  femur 
in  other  specimens  and  does  not  resemble  any  other  described  mixosaurian 
humerus. 
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the  median  portion  of  the  ulna  is  drawn  in  from  both  sides, 
showing  a  true  constriction.  In  Delpldnosaurus  this  constric- 
tion appears  somewhat  stronger  than  in  this  specimen,  but  the 
ulna  is  much  shorter  and  broader,  and  the  first  two  segments  of 
the  limb  are,  in  general,  more  specialized. 

On  both  the  proximal  and  distal  ends  of  the  ulna  the  thick, 
cartilage  covered  portion  of  the  margin  extends  far  back  toward 
the  middle  of  the  posterior  side.  The  thickened  margins  come 
so  near  to  each  other  that  the  posterior  notch  is  made  quite  nar- 
row. At  the  distal  end  this  part  reaches  around  quite  to  the 
middle  of  the  shaft,  reminding  one  of  the  surface  against  which 
the  pisiform  rests  in  Mixosaurus.  At  the  proximal  end  the  sur- 
face makes  a  sharp  turn,  forming  a  face  which  looks  as  if  it 
might  have  supported  a  small  supernumerary  bone. 

With  another  specimen  of  the  same  type  as  that  described 
above  there  is  an  element  appearing  to  represent  either  a  fibula 
or  an  ulna  showing  a  very  primitive  form.  The  shaft  is  nar- 
rower and  the  articular  surfaces  of  the  two  ends  are  not  swung 
back  as  far  is  in  the  specimen  figured  here.  If  this  is  really  an 
ulna,  it  represents  a  stage  more  primitive  than  that  described 
above. 

rnfortnnately,  we  have  no  very  definite  evidence  eoneeniing 
the  character  of  the  phalanges  in  this  species.  With  both  this 
specimen  and  the  one  from  which  the  simpler  form  of  ulna  was 
obtained,  there  are  several  rounded  ossicles  resembling  carpals. 
It  may  be  that  they  are  really  reduced  phalanges  which  rested 
in  cartilaginous  pads  as  in  Baptanodon.  If  this  be  true,  the  gen- 
eral primitiveness  of  the  limb  would  be  reduced  by  some  degrees ; 
even  in  that  case,  however,  the  fact  that  the  propodial  and  epi- 
podial  segments  of  the  limb  had  failed  to  adapt  themselves  per- 
fectly, even  when  the  manus  had  become  specialized,  would  tend 
only  to  show  more  distinctly  the  influence  of  an  ancestry  in  which 
locomotion  by  crawling  or  running  was  more  common  than  by 
swimming. 

As  far  as  we  know  it,  the  type  of  limb  found  in  this  specimen 
is  more  primitive  than  any  heretofore  described.  The  humerus 
is  hardly  more  slender  than  that  of  certain  other  Triassic  forms, 
but  is  among  the  most  slender  known,  and  is  not  more  abbrevi- 
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ated  than  that  of  Mixosaurus.  In  the  epipodial  re^on,  where 
specialization  of  a  high  degree  appears  in  the  later  members  of 
the  order,  we  find  a  structure  which  is  somewhat  more  primitive 
than  any  which  has  previously  been  observed  in  the  Ichthyo- 
sauria.  This  is  a  particularly  significant  fact,  when  it  is  noted 
that  the  beds  in  which  this  specimen  was  found  are  probably  a 
little  older  than  those  from  which  we  have  obtained  the  most 
ancient  known  European  specimens  showing  the  limb  structure. 


University  of  California, 
February,  IQC'). 


EXPLANATION  OF  PLATE. 

Figure  one-sixth  natural  aize, 

Cymbospondylus  petrinus  Leidy  (?). 

Pectoral  arch,  external  side;  anterior  limb,  inferior  side.  R,  radius;  U,  ulna. 
The  constriction  of  the  ulna  is  immediately  above  the  letter  U. 
The  broad,  cartilajje  covered  marginal  faces  of  the  ulna  are 
discontinued  suddenly  at  the  upper  and  lower  ends  of  the  pos- 
terior cmarjji  nation. 
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INTRODUCTION. 

The  work  of  which  this  paper  is  the  outcome  was  undertaken 
diirini^  the  Fall  of  1901,  when  the  writer  was  a  graduate  student 
in  j^eoloj^y  at  the  University  of  California.  The  subject  was  sug- 
jrested  by  Prof.  Andrew  C.  Lawson,  who  rendered  the  writer 
invaluable  assistance  by  his  advice  and  personal  supervision  of 
the  work,  which  has  occupied  the  latter  ^s  spare  time  for  the  past 
three  yeai's.  Acknowled^rments  are  also  due  Dr.  J.  C.  Merriam, 
Dr.  Gidley,  Dr.  W.  J.  Sinclair,  and  C.  E.  Weaver  for  palaeon- 
tolo^rical  aid. 

No  topographical  maps  of  most  of  the  area  bein^  available, 
county  maps  had  to  be  used,  and  since  these  represent  the  topo- 
j^rraphy  poorly  or  not  at  all,  it  was  not  found  feasible  to  map  in 
the  areal  geolo<J:J^ 

Two  continuous  cross-sections  were  made.  Section  AB  starts 
at  the  south  end  of  Bodegra  Peninsula,  and  runs  in  a  northeast 
direction  across  Bode^ra  Bay,  throuf^h  the  towns  of  Bodejjra  and 
Freestone,  through  the  low  hills  east  of  Freestone,  across  the 
La^ma  de  Santa  Rosa,  and  enters  the  broad  valley  of  Santa 
Rosa  a  little  north  of  Sebastopol ;  crosses  the  hills  west  of  this 
valley  about  midway  between  Windsor  and  Mark  West  Creek: 
passes  through  Mark  West  Springs,  crosses  the  watershed  of  that 
creek,  passing  about  two  miles  north  of  the  Petrified  Forest; 
crosses  Franz  Valley  and  the  high  ridge  east  of  it,  and  comes  out 
at  the  low  divide  on  the  southwest  flank  of  ]\lt.  St.  Helena,  which 
separates  Knights  Valley  from  Napa  Valley;  thence  it  swings 
somewhat  more  to  the  north  through  Mt.  St.  Helena,  and  thence 
in  an  easterly  direction  across  St.  Helena  Creek,  passing  a  little 
north  of  the  Oat  Hill  Quicksilver  Mine,  following  approximately 
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the  boundary  line  between  Napa  and  Lake  Counties  to  Knox- 
ville;  continuing  in  this  same  general  northeast  direction,  pass- 
ing through  the  high  ridge  between  Knoxville  and  the  north  end 
of  Capay  Valley  at  Rumsey,  and  thence  through  the  low  rolling 
foothills  to  the  Sacramento  Valley  and  Arbuckle,  a  distance  in 
all  of  about  eighty  miles. 

Section  CD  starts  at  a  point  about  midway  along  the  west 
shore  of  Point  Reyes  Peninsula,  and  runs  northeast  across  To- 
males  Bay,  continuing  over  the  high  ridge  and  rolling  foothills 
for  about  fifteen  miles,  to  the  valley  at  Petaluma,  thence,  swing- 
ing a  little  more  to  the  eastward,  it  passes  through  a  low  series 
of  hills  and  crosses  Sonoma  Valley,  some  three  miles  south  of 
the  town  of  Sonoma ;  thence  northeast  to  Napa  City,  continuing 
across  Napa  Valley,  through  the  high  ridge  to  the  east  to  Wooden 
Valley  and  the  upper  end  of  Gordon  Valley ;  through  the  promi- 
nent ridge  separating  the  latter  from  Pleasant  Valley,  and  thence 
through  the  rolling  hills  to  the  Sacramento  Valley  at  Winters,  a 
distance  in  all  of  about  sixty-five  miles. 

Together  the  sections  enclose  an  area  of  about  fifteen  hun- 
dred square  miles,  and  since,  as  displayed  in  the  graphical  repre- 
sentations of  the  sections,  there  appears  to  be  a  well  marked  con- 
tinuity of  formations,  it  is  believed, that  the  geolog>'  is  fairly 
typical  of  the  Coast  Ranges  for  a  considerable  distance  north 
and  south  of  the  lines  chosen. 

The  geological  formations  encountered  in  these  sections  range 
from  pre-Francisean  to  Pleistocene.  They  will  be  described  in 
chronological  order. 

PRE-FRANCISCAX. 

SEDIMENT.VKIES. 

The  oldest  rocks  known  anywhere  in  the  territory  are  a  few 
small  remnants  of  limestone  and  crystalline  schists  described  bv 
Andei-son*  in  his  paper  on  Point  Reyes  Peninsula.  According  to 
him,  they  consist  of  a  ** Marble  similar  to  the  white  crystalline 
limestone  of  Alontara  Mountain  and  the  limestone  of  Santa  Cruz 
and  the  Santa  Lucia  ^Mountains. "  Associated  with  these  lime- 
stones is  ([uai-tzite,  and  at  another  [)lace  mica-schist  and  wollas- 
tonite  schists  are  found  overlvinjr  the  crranite. 
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The  age  of  this  ancient  series  can  only  be  gniessed  at  from  its 
relation  to  the  granite  which  is  intruded  in  it,  as  no  palaeon- 
tological  evidence  is  available.  From  considerations  which  will 
be  mentioned  later  this  granite  is  believed  to  be  of  post-Juras- 
sic age.  Hence  the  above  mentioned  strata  cannot  be  later  than 
Jurassic. 

BODEGA   DIORITE. 

Bodega  Peninsula  is  made  up  almost  wholly  of  a  biotite- 
diorite.  Toward  the  north  end  of  the  peninsula  this  disappears 
from  sight  luider  a?olian  sands,  and  the  coast  line  to  the  north 
of  Salmon  Creek  is  made  up  entirely  of  Franciscan  sandstone. 
The  east  shore  of  Bodega  Bay  is  entirely  Franciscan.*  To 
the  south,  however,  Point  Reyes  Peninsula  is  composed  very 
largely  of  this  same  diorite  and  granite,  while  a  comparison  with 
the  geology  of  the  coast  to  the  south  shows  that  this  is  only  a 
northward  extension  of  the  plutonics  occurring  at  IVIontara 
^lountain,!  on  San  Francisco  peninsula,  and  at  Monterey,  which 
are  intruded  in  the  old  crystalline  schists  and  limestones  above 
mentioned. 

FIELD  ASPECTS. 

The  best  exposures  of  the  diorite  occur  on  the  ocean  side  of 
the  Bodega  Peninsula  at  the  south  end.  Here  it  stands  up  in 
steep  cliffs  fifty  to  eighty  feet  high.  It  weathers  deeply,  and 
this  makes  it  extremely  difficult  to  get  fresh  specimens  for  exam- 
ination. On  account  of  the  large  amount  of  coarse  mica  present, 
it  frequently  shows  a  white  honey-combed  surface,  resembling 
coral.  Basic  secretions  are  very  abundant.  Thev  varv  in  size 
from  a  few  inches  up  to  six  feet  in  length,  and  are  usually  lentic- 
ular in  shape,  having  their  longer  dimensions  more  or  less  par- 
allel and  pointed  in  a  westerly  direction,  suggesting  pressure  at 
right  angles  to  their  course.  Dikes  or  veins  of  aplite,  pegmatite 
and  quartz  occur.  A  very  prominent  pegmatite  dike  seven  feet 
thick  is  exposed  on  the  southeast  side  of  the  peninsula,  while 
numerous  smaller  ones  may  be  seen  on  the  west  shore.  There  is 
a  general  westerly  trend  also  to  these  dikes.    That  a  large  amount 

•Anderson,  Bull.  Dept.  Geol.,  Univ.  Cal.,  Vol.  2,  No.  5. 

tSketch  of  the  Geol.  of  San  Francisco  Penin.    Lawson,  U.  S.  G.  S.,  15th 
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of  movement  has  taken  place  is  abundantly  shown  by  the  sheared 
and  crushed  appearance  of  the  rock  in  many  places  and  numer- 
ous small  faults  displayed  by  the  veins  of  quartz  and  aplite.  So 
much  movement  indeed  has  affected  these  rocks  as  to  render  them 
utterly  unfit  for  quarr>'ing  purposes.  In  this  small  area  no  rem- 
nant remains  of  the  schists  and  limestones  into  which  the  gran- 
ites are  intruded  at  Point  Reyes  and  to  the  South. 

PETROGRAPHY. 

Two  varieties  of  diorite  occur  on  the  peninsula — Biotite-dio- 
rite  and  Quartz-diorite.  The  first  variety  is  very  abundant,  the 
second  is  scarce  and  represented  only  by  a  few  loose  fragments 
found  near  the  north  end  of  the  bay. 

Biotite -diorite. — Macroscopically  it  is  a  coarse  grained  holo- 
crystalline  rock,  made  up  apparently  of  only  two  minerals  in 
about  equal  proportions :  a  sugar-white  feldspar  and  a  dark  green 
mica.  The  flakes  of  mica  occur  up  to  6  mm.  in  length,  and  the 
ordinary'  length  of  the  feldspar  is  about  4  mm. 

Micrascopically  this  rock  is  seen  to  consist  of  the  essential 
minerals  biotite  and  a  soda-lime  feldspar  as  determined  below 
in  about  equal  proportions,  together  with  the  accessory  minerals 
apatite,  magnetite  and  titanite,  apatite  being  very  abundant,  and 
a  large  amount  of  decomposition  products  in  the  shape  of  kaolin 
and  chlorite. 

The  twinning  lanielhie  of  the  feldspai-s  are  very  unequal  in 
size,  very  coarse  lamellae  alternating  with  very  fine  ones.  Single 
crystals,  however,  sometimes  show  fine,  equal  sized  lamellae, 
together  with  a  system  of  alternating  coarse  and  fine  ones.  Albite 
twinning  is  the  rule,  though  an  additional  pericline  twinning 
was  observed  in  some  eases.  Carlsbad  twinning  also  occurs. 
Wavy  extinction  is  very  counnon  and  shows  that  the  rock  has 
been  subjected  to  great  strain. 

Hy  Michel  TjCvv's  statistical  method  a  maximum  angle  of 
20^  was  obtained  on  the  albite  twinning  plane,  corresponding  to 
a  feldspar  of  the  composition  between  Ab.^  An^,  and  Ab^  Aug,  or  a 
medium  basic  andesine. 

One  section  was  found  which  could  be  utilized  for  M.  Fouque's 
method  for  determining  the  feldspars  on  sections  cut  perpen- 
dicular to  a  bisectrix.     This  section  gave  an  angle  of  22°  16' 
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between  the  trace  of  the  plane  of  the  optic  axes  and  (010).  This 
value  on  the  n^  curve  corresponds  to  an  acid  labradorite. 

Some  of  the  rock  was  crushed  and  cleavage  flakes  of  the  feld- 
spars selected.  On  examination  under  the  microscope  certain  of 
these  sections  parallel  to  P,  and  showing  albite  lamallae  which 
extinguish  symmetrically,  gave  the  extinction  angle  5°.  They 
also  showed  the  emergence  of  a  bisectrix  very  inclined  to  the  sec- 
tion. If  this  angle  is  negative,  it  corresponds  to  a  composition  of 
Abo  Auj,  according  to  Schuster.  Sections  showing  no  twinning 
lamellae  and  rhombic  in  form  gave  the  following  angles,  10°, 
lO"",  914°  and  6°,  and  extinguished  in  the  acute  angle  of  the 
rhomb.  Hence,  the  angle  is  negative.  Ab,  An,  corresponds 
to  5°  10',  while  Ab^  Aug  gives  17°  40'.  Hence  the  determination 
points  to  a  composition  between  Abj  An^  and  Ab,  Alio. 

In  order  to  determine  the  specific  gravity  of  the  feldspars 
the  crushed  rock  was  put  through  an  80-mesh  screen  and  caught 
on  a  100-mesh.  Thoulet's  solution  was  used.  At  2.652  about 
two-thirds  of  the  feldspars  remained  suspended,  though  they  all 
sank  at  2.645.  The  temperature  was  15y2°  C.  On  concentrating 
the  solution  the  heavier  feldspars  became  suspended  at  2.675. 
The  average  specific  gravity  given  by  Rosenbusch-Iddings  for 
andesine  is  2.65,  and  of  labradorite  2.69,  hence  this  checks  very 
well  with  the  optical  determinations.  It  also  shows  that  quartz 
and  orthoclase  are  absent. 

The  biotite  presents  no  novel  features.  It  is  strongly  pleo- 
chroic,  the  color  for  C  being  dark  reddish  brown,  b  dark  reddish 
brown,  and  a  straw  yellow  to  yellowish  brown.  The  absorption 
is  C  ^  b  >  a*  The  biotite  occurs  in  irregular  plates  with  frayed 
edges,  and  the  cleavage  lamellae  frequently  are  bent,  due  to 
shearing  in  the  rock.  It  is  usually  altered  around  the  edges  to 
green  chlorite.  Magnetite  occurs  sparingly  as  inclusions,  and 
occasionally  titanite.  Apatite  is  abundant,  both  included  in  the 
biotite  and  in  the  feldspar.  A  small  amount  of  green  hornblende 
was  observed  in  one  slide. 

Quartz-Biotite  Diorite. — Macroscopically  this  rock  is  seen  to 
be  a  coarse  grained  holocrystalline  rock,  made  up  principally  of 
white  feldspar  and  a  dark  green  mica,  the  feldspar  forming  about 
two-thirds  of  the  bulk  of  the  rock.    The  ferro-magnesian  minerals 
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occur  in  smaller  flakes  than  in  the  mica-diorite  above  described, 
and  the  rock  accordingly  presents  a  harder  surface  to  the  weather. 
Its  specific  gravity  is  2.731. 

Microscopically  the  essential  minerals  are  seen  to  be  a  soda- 
lime  feldspar  and  biotite,  a  small  amount  of  quartz  and  green 
hornblende  and  a  little  orthoclase.  The  accessory  minerals  are 
apatite  and  titanite,  and  the  decomposition  products  kaolin  para- 
gonite  and  chlorite. 

The  feldspars  are  not  very  fresh,  but  are  much  clouded  with 
kaolin  and  paragonite.  Favorable  striated  sections  gave  by  M. 
Levy's  statistical  method  a  maximum  angle  of  19°,  indicating  a 
medium  basic  andesine  of  a  composition  of  about  Abg  An,. 

One  section  was  found  twinned  on  both  the  albite  and  the 
Carlsbad  laws  upon  which  M.  Levy's  method  of  concurrent  angles 
was  used.  It  gave  the  extinction  angles  8°  and  18°,  indicating 
a  section  of  andesine  (Abj  AUg). 

Some  of  the  feldspar  sections  are  free  from  albite  twinning, 
and  look  like  orthoclase.  Some  of  these  are  rhombic  in  shape, 
and  three  gave  the  angles  —  12°,  —  24°,  and  —  15°.  These  sec- 
tions were  probably  cut  parallel  to  (010).  The  negative  sign 
precludes  the  possibility  of  orthoclase,  as  also  the  large  angle 
24°,  (»rthoclase's  maximum  extinction  angle  being  21°  against  c. 

Orthoclase  is,  however,  probably  present  in  small  amount. 
Certain  sections  show  inclusions  of  plagioclase  with  poikilitic 
structure,  all  the  plagioclase  inclusions  extinguishing  at  the  same 
time. 

The  biotite  is  identical  with  that  of  the  mica-diorite  above 
described.  It  contains  little  magnetite,  its  principal  decompo- 
sition product  being  chlorite. 

A  small  amount  of  green  hornblende  is  present,  which  seems 
to  have  cr^'stallized  later  than  the  biotite. 

Chemical  Analyses. — Two  analyses  of  these  rocks  were  made 
by  the  writer.  No.  I.  is  the  biotite-diorite,  and  No.  II  is  the 
quartz-biotite-diorite. 
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No.  I 

No.  II 

SiO, 

58.44 

63.12 

ALO, 

17.06 

16.13 

Fe,0, 
FeO 

1.36 
5.06 

3.53 
3.65 

MgO 
CaO 

2.96 
5.82 

1.86 
5.04 

Na,0 
K,0 

H.O4- 
IT-O 

3.40 

2.84 

2.12 

.38 

2.78 

1.08 

.93 

.97 

TiO, 

.15 

trace 

PA 
MnO 

1.41 
.50 

.39 
.38 

SrO 

.03 

Total    . . 

...101.50 

99.89 

Basic  Secretions. — Macroscopically  the  basic  secretions  are  fine 
[grained  dark  rocks,  containing,  apparently,  a  much  larger  pro- 
portion of  ferro-magnesian  minerals,  and  being  of  greater  spe- 
cific gravity.    They  vary  from  medium  to  very  fine  grained. 

Microscopically  this  rock  is  seen  to  be  holocrystalline  and  fine 
grained,  and  made  up  of  a  plagioclase  feldspar  and  green  horn- 
blende in  about  equal  proportions. 

The  feldspar,  though  later  than  the  hornblende,  occurs  in 
fairly  well  shaped  lathes,  almost  always  showing  albite,  and  fre- 
quently also  pericline  and  Carlsbad  twinning.  Several  sections 
showing  both  albite  and  Carlsbad  twinning,  and  cut  perpendic- 
ular to  (010),  were  recognized,  and  these  were  utilized  for  M. 
licvy's  determination  by  concurrent  angles.  One  section  gave 
the  angles  281/2°  and  14"^,  corresponding  to  a  section  of  labra- 
dorite  (Abj  AnJ  cut  at  an  angle  of  20^  with  (101).  Another 
gave  — 25*4°  and  — ITy^'^,  showing  labradorite  (Ab,  An,), 
making  an  angle  of  10°  with  (101). 

Fouque's  method  for  sections,  cut  perpendicular  to  a  bisec- 
trix, gave  an  angle  of  23'^  15',  which  corresponds  to  a  medium 
basic  labradorite  on  the  Wg  curve. 

Acid  Dikes. — Dikes  of  pegmatite,  aplite  and  greisen  are 
abundant,  but  no  microscopical  study  was  made  of  them.  In  the 
field  the  pegmatite  w^as  seen  to  be  a  very  coarse  grained  rock  made 
up  of  large  crystals,  up  to  more  than  an  inch  in  diameter,  of 
orthoclase  quartz  and  musco\ite.  One  section  of  the  orthoclase 
afforded  a  beautiful  illustration  of  cataclastic  structure. 
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CORRELATION  AND  AGE. 

The  above  described  dioritic  rocks  of  Bodega  and  Point 
Reyes  peninsulas  occupy  but  an  insignificant  part  of  the  surface 
area  of  the  territory  under  discussion,  but  from  evidence  at  Point 
Reyes  Peninsula,  and  elsewhere,  it  is  probable  that,  together 
with  what  remains  of  the  crystalline  schists  and  limestones  into 
which  they  are  intruded,  they  underlie  a  lai^  portion  of  the 
Coast  Range.  Their  similarity,  both  chemically  and  raineralog- 
ically,  to  the  granites  of  the  Sierras,  points  to  their  being  an 
outlier  of  the  latter. 

The  evidence  as  to  age  of  these  rocks  is  not  conclusive.  If 
they  are  outliers  of  the  Sierra  granitics  they  are  post-Jurassic, 
since  Lindgren*  and  othera  have  shown  the  latter  to  be  intrusive 
in  Jurassic  strata.  But  we  know  that  they  lie  unconformably 
below  the  Franciscan,  and  the  age  of  the  latter  is  still  a  moot 
question,  some  geologists  not  being  prepared  to  admit  so  recent 
an  age  for  it  as  lower  Cretaceous. 

FRANCISCAN. 

Constituent  Formations. — This  series  consists  of  the  usual 
elements  so  well  described  by  Lawson  in  his  Sketch  of  the  Geology 
of  San  Francisco  Peninsula.^  Briefly  they  consist  of  hard  mas- 
sive ffray  sandstone,  w^eathering  yellowish  browTi,  known  as  **San 
Francisco  sandstone/'  from  its  prevalence  on  that  peninsula; 
soft  gray  shale  interbedded  with  sandstone  and  occasional  fora- 
miniferal  limestone  or  with  radiolarian  chert;  massive  radio- 
larian  cherts  in  various  eoloi*s  from  white  to  red;  intrusive  masses 
of  basalt,  ha\ing  peculiar  spheroidal  forms,  and  knmvn  as**spher- 
oidal  basalt'';  together  with  local  variations  in  the  forms  of  dia- 
bases, and  even  of  gabbros:  also  pyroxenites  and  peridotites  as 
intrusive  dikes,  sills  and  laccolites,  usuallv  almost  entirelv  altered 
to  large  masses  of  serpentine;  and  lastly  metamorphic  contact- 
zones  of  glaucophane,  actinolite,  or  mica-schists.  It  forms  the 
basement  upon  which  the  later  rocks  of  the  Coast  Ranges  rest, 
and,  wherever  seen,  shows  evidence  of  having  been  repeatedly 
sheared  and  contorted  by  the  many  movements  which  have 
affected  the  latter. 


*U.  S.  G.  S.  Geologic  Atlas,  folio  66,  Colfax,  Cal. 
tU.  S.  G.  S.,  15th  Ann.  Rpt. 
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It  was  not  found  practicable  to  work  out  in  detail  the  struc- 
ture of  this  formation,  though  with  good  maps  and  careful  work 
it  probably  could  be  done.  The  whole  series  has  been  displayed 
in  the  sections  as  a  unit. 

Arec^  Distribution, — As  regards  its  distribution  within  the 
territory'  under  discussion,  it  is  found  in  one  small  and  four 
large  areas.  The  most  westerly  of  these  forms  a  large  part  of 
the  high  ridge,  following  the  coast  line  from  Mt.  Tamalpais 
northward  through  Marin  County  to  the  Russian  River,  and 
northward,  except  that  part  occupied  by  the  granitics  previously 
described.  This  Franciscan  area  varies  in  width  from  eight  to 
fifteen  miles,  and  forms  a  high  coastal  ridge,  with  a  very  even 
crest  line,  at  an  elevation  of  1,000  to  1,200  feet  above  sea  level. 
Being  for  the  most  part  composed  of  rather  hard  rocks  which 
resist  erosion  well,  the  canon  topography  is  frequently  rugged, 
and  the  hillsides  usually  dotted  with  clumps  of  gray  boulders 
of  hard  sandstone  or  chert,  while  trees  seem  to  grow  better  upon 
the  soil  furnished  by  these  rocks  than  upon  that  of  the  later 
formations.  A  trained  eye  can  easily  distinguish  at  a  distance 
this  formation  from  the  smoother,  more  rounded  contours  and 
treeless  aspect  of  the  overlying  Tertiary  sedimentaries. 

The  second  Franciscan  area  is  a  narrow  strip  about  two 
miles  wide,  which  forms  the  core  of  the  range  of  hills  between 
Santa  Rosa  and  Napa  valleys.  Its  extension  north  of  a  point 
about  two  miles  north  of  the  Petrified  Forest,  where  section  AB 
crosses,  is  not  known  to  the  writer,  but  it  is  found  in  the  hills 
to  the  east  of  Rincon  Valley,  near  Santa  Rosa,  but  does  not 
appear  at  the  surface  in  section  CD  between  Petaluma  and  Napa, 
it  being  covered  over  by  Tertiary  sediments  and  volcanics.  At 
the  waten^'orks,  two  miles  east  of  Xapa,  a  well  sunk  through  the 
andesite  encountered  Franciscan  chert  at  a  depth  of  1,500  feet. 

The  above  mentioned  area  is  worthy  of  note,  since  there  is 
e\idence  to  show  that  in  the  vicinity  of  the  Petrified  Forest  at 
least,  dr>'  land  existed  during  the  period  of  volcanic  disturbance, 
which  will  be  shown  presently  inaugurated  the  later  Pliocene. 
Section  AB  passes  through  this  area,  crossing  it  at  a  point  about 
1,300  feet  above  sea-level.  Large  pieces  of  petrified  wood  lie 
strewn  along  the  flanks  of  this  ridge  where  the  pumicious  tufl: 


50  University  of  California  Publications.  [Geology 

of  the  later  Pliocene  overlies  the  Franciscan,  and  on  the  same 
ridge,  two  miles  to  the  south,  large  petrified  redwoods,  ten  feet 
in  diameter,  and  fully  500  years  old,  as  shown  by  their  rings, 
are  lying  on  a  Franciscan  surface  covered  with  pumicious  tuff. 
Of  some  eight  or  ten  trees  observed,  all  lay  with  their  roots 
pointed  toward  the  northeast,  the  natural  inference  beiner  that 
they  were  uprooted  by  a  blast  of  air  from  some  volcano  to  the 
northeast,  and  subsequently  buried  in  the  pumicious  ashes  in 
which  they  now  lie.  Another  argument  in  favor  of  this  ridge 
having  been  an  elevated  portion  of  the  land  during  Pliocene 
times  is  the  absence  of  andesite  (m  both  of  its  flanks,  when  two 
miles  to  the  west,  and  five  miles  to  the  east,  thick  flows  are  found 
beneath  the  tuff. 

A  third  small  area  of  Franciscan  is  exposed  on  the  southwest 
flank  of  Mt.  St.  Helena,  low  down  on  the  divide  between  Knight's 
Valley  and  the  upper  end  of  Napa  Valley.  It  is  exposed  here 
by  the  faulting  which  has  tilted  the  block  forming  Mt.  St.  Helena, 
and  is  quite  limited  in  extent.  It  is  largely  made  up  of  serpen- 
tine. 

A  fourth  area  lies  on  the  northeast  flank  of  St.  Helena,  along 
St.  Helena  Creek  at  Mirabel  and  Middletown,  extending  north- 
west toward  Cobb  Mountain. 

A  fifth  large  area  is  near  the  last  mentioned  one.  It  occurs 
at  the  Oat  Hill  Quicksilver  Mine,  and  extends  to  Knoxville,  and 
occupies  a  large  ai'ea  west  of  Berryessa  Valley. 

Qidcksilvfr  Deposits. — The  last  two  areas  mentioned  contain 
iniI)ortant  deposits  of  cinnabar.  These  deposits  occupy  the  west- 
ern part  of  the  two  areas  last  mentioned  in  a  general  northwest- 
erly and  southeasterly  direction  along  the  eastern  flank  of  Mt. 
St.  Helena  and  its  outliers.  Twin  Peaks  and  Round  Valley  Peak. 
The  rMnnahai'  deposits  are  invariably  associated  with  serpentine, 
and  usually  occur  at  contacts  between  serpentine  and  sandstone, 
or  crushed  shale  ('*alta'\),  or  rarely  radiolarian  chert.  The 
veins  are  not  true  veins  at  all,  but  inerelv  zones  of  silicified  ser- 
pen  tine.  The  silica  is  in  the  form  of  opal,  and  has  largely 
replaced  the  serpentine,  the  opal  containing  the  cinnabar  and 
metacinnabarite.  The  opalized  areas  are  from  a  few  feet  to 
over  two  hundred  feet  in  width,  and  very  irregular  in  shape. 
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While  the  richest  ore  is  usually  at  the  contact  between  the  opal- 
ized  zones  of  serpentine  and  the  sandstone  or  shale  country  rock, 
there  are  sometimes  large  bodies  of  low  grade  ore  directly  within 
the  opalized  area  and  many  feet  away  from  the  contact.  One 
instance*  is  known  where  the  ore  body  consists  of  radiolarian 
chert,  along  a  contact  with  serpentine,  which  has  been  filled  with 
veinlets  of  opal  carrying  cinnabar. 

Serpentine  is  very  abundant  throughout  all  the  above  men- 
tioned areas,  but  it  was  not  found  practicable  to  map  it.  In  some 
eases,  especially  near  Knoxville,  the  masses  of  serpentine  are 
more  than  a  mile  in  width,  their  great  size  seeming  to  preclude 
the  idea  of  their  being  dikes  and  to  suggest  that  they  must  repre- 
sent intrusive  sills  or  laccolites. 

SHASTA-CHICO. 

The  eastern  portion  of  both  sections  is  largely  made  up  of 
Cretaceous  shales  and  sandstones,  most  if  not  all  of  which  prob- 
ably belong  to  the  lower  Cretaceous  or  Knoxville  series.t 

Liihological  Character.— This  series  consists  of  an  enormous 
thickness  of  rather  hard  tawny  yellowish  sandstone,  interbedded 
in  monotonous  succession  with  dark  blue  fissile  shales,  with  occa- 
sional thin  beds  of  dark  blue  limestone.  The  sandstone  strata 
are  usually  less  than  two  feet  thick,  and  almost  never  more  than 
ten,  while  their  regular  alternation  with  soft  shale  made  the  bed- 
ding very  distinct  and  characteristic. 

Stratigraphy. — While  standing  at  high  angles,  these  beds  do 
not  show  any  important  faulting  along  either  of  the  sections. 
Fn>m  near  Knoxville,  where  they  appear  to  overlie  a  large 
laceolite  of  serpentine,  they  extend  in  unbroken  succession 
with  .steep  northeasterly  dip,  to  the  head  of  Capay  Valley,  at 
Kumsey,  where  they  are  covered  by  Tertiary  gravels  and  sand- 
stones. The  average  angle  of  dip  from  Knoxville  to  Ruinsey 
cannot  be  less  than  45",  which  would  give  the  series  a  thickness 
of  four  miles,  and  this  does  not  represent  the  whole  of  the  accumu- 
lation of  sedimentary  beds,  since  the  upper  limit  is  not  exposed 

*Note<l  by  Lawson  at  the  Great  Western  Quieksilvor  Mine,  Xapa  County. 
and  communicated  verbally  to  the  writer. 

tBecker,   Mon.   XIII,  U.   S.  G.   S.    Quicksilver   Deposits  of  the   Pacific 
Slope. 
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Eocene  fossils  are  said  to  have  been  found  near  Arbuckle,  but 
the  locality  is  not  known  to  the  writer.  Eocene  strata  may  under- 
lie the  San  Pablo  ( ?)  gravels  anS  sandstones  east  of  Capay  Valley 
in  the  portion  left  blank  on  section  AB. 

As  far  as  physical  resemblances  go,  the  Cretaceous  exposed 
at  Rumsey  is  exactly  similar  to  that  near  Knoxville,  with  the 
possible  difference  that  it  may  have  a  large  proportion  of  sand- 
stone and  less  shale.  A  magnificent  section  is  exposed  along 
Cache  Creek  across  the  strike  of  the  beds  for  several  miles,  and 
the  writer  was  not  able  to  find  any  conglomerate  beds  or  impor- 
tant changes  in  sedimentation  to  suggest  the  presence  of  Chico. 
From  lack  of  palaeontological  evidence,  however,  he  has  not  ven- 
tured to  call  all  this  enormous  accumulation  of  sediments  Knox- 
ville. 

In  Section  CD  an  even  greater  thickness  of  Cretaceous  sedi- 
ments is  shown  between  Pleasant  Valley  and  Wooden  Valley. 
This  section  represents  certainly  not  less  than  five  miles  of  strata, 
as  it  dips  steeply  to  the  northeast  the  whole  distance,  and  shows 
no  evidence  of  faulting.  The  Cretaceous  of  this  section,  as  in 
section  AB,  disappears  to  the  east  at  Pleasant  Valley  under  late 
Tertiary  gravels  and  sandstones,  still  with  a  northeasterly  dip 
and  a  Knoxville  appearance,  and  for  similar  reasons  the  whole 
series  has  been  represented  as  Shasta-Chieo.  None  of  the  mas- 
sive, thick-bedded,  cavernous  sandstones  so  characteristic  of  the 
Eocene  was  observed.  Becker*  believed  these  strata  to  be  of  the 
same  age  as  the  Franciscan,  considering  the  latter  to  be  a  meta- 
morphosed phase  of  the  former,  in  which  the  **  prominent  char- 
acteristics are  the  predominance  of  recrystallization,  serpentini- 
zation  and  silicification.'' 

Contacts  between  Knoxville  and  Franciscan  at  many  places 
are  now  known,  which  show  an  unconformity  existing  between 
the  two  formations.  No  better  illustration  of  this  can  be  seen 
than  at  Berkeley.  Here  unmistakable  Knoxville  shales  and  sand- 
stones containing  aucellac  may  be  seen  along  the  lower  slopes  of 
the  hills  between  East  and  North  Berkeley,  resting  at  moderate 
angles  across  the  steeply  pitching  eroded  edges  of  the  various 
Franciscan  members.  In  both  the  sections  AB  and  CD  the  Knox- 


•Mon.  XlII,  U.  S.  G.  S. 


Vol.  4]      Osmoni. — Geological  Section  of  Coast  Ranges.  53 

ville  rests  on  serpentine  at  Knoxville  and  at  Wooden  Valley. 
Wooden  Valley  is  probably  near  the  base  of  the  Knoxville  series, 
since  at  the  lower  end  of  Capell  Valley,  about  three  miles  north  of 
section  BB,  a  bed  of  heayy  conglomerate  at  least  100  feet  thick 
occurs  in  the  formation.  This  conglomerate  seemed  to  be  made  up 
practically  of  Franciscan  chert  and  old  eruptives,  and  of  course 
points  to  an  erosion  interval  between  the  two  formations. 

TEJON. 

Yellow  Sandsto^ies  on  Carneros  Creek. — Just  east  of  Carneros 
Creek,  about  midway  between  Napa  City  and  Sonoma,  occurs 
an  exposure  of  yellow  to  buff  colored,  massive  sandstone,  occa- 
sionally interbedded  with  buff  colored  shales.  Apparently  it 
dips  beneath  an  exposure  of  blue  San  Pablo  sandstone  to  the 
west,  but  no  good  exposures  were  observed  to  show  the  exact 
relation.  The  fossils  found  here  were  too  imperfect  for  certain 
identification,  but  at  Thompson's,  two  miles  to  the  southeast, 
directly  on  the  line  of  strike,  in  sandstone  of  identical  appear- 
ance, C.  E.  Weaver  has  collected  and  determined  the  following 
Tejon  species : 

Leda  gabbi  Con. 

Cardium  hreweri  Gabb. 

Merctrix  uvasana  Con. 

Tapes  conradiana  Gabb. 

Tcllina  hoffmani  Gabb. 
These  strata  extend  only  a  mile  or  two  north  of  this  point, 
and  are,  so  far  as  the  writer  is  aware,  the  only  strata  of  Eocene 
age  represented  in  his  territory. 

MONTEREY. 

Point  Reyes  Peninsula. — According  to  Anderson,*  the  sur- 
face of  the  orographic  granite  block  of  Point  Reyes  Peninsula 
is  a  shallow  basin  or  trough,  upon  which  rests  a  broad  syncline 
made  up  of  sandstone  and  the  characteristic  and  well  known  bitu- 
minous shales.  This  formation  occupies  largo  areas  to  the  south 
in  Contra  Costa  County  and  southward,  but  has  not  been  encoun- 
tered by  the  writer  in  any  other  part  of  the  area  under  discus- 

•Bull.  Dept.  Geol.,  Univ.  of  Cal.,  Vol.  2,  No.  5. 
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sion.    At  least  500  feet  of  these  shales  are  represented  at  Point 

Reyes  Peninsula. 

SAN  PABLO. 

Blue  Sandstone  (Tuff)  of  Carneros  Creek, — The  only  strata 
of  undoubted  San  Pablo  age  occur  as  the  core  of  the  low  range 
of  hills  between  Sonoma  and  Petahmia.  As  illustrated  in  sec- 
tion CD,  blue  San  Pablo  sandstone  occurs  on  Carneros  Creek.  It 
consists  of  the  peculiar  and  very  characteristic  bluish  to  grayish, 
rather  soft  sandstone,  exactly  similar  to  that  described*  by  Tur- 
ner from  Mt.  Diablo  and  Corral  Hollow,  which  is  so  common  in 
the  Coast  Ranges  to  the  south.  It  is  really  an  impure  andesitic 
tuff.  It  varies  from  a  gray  to  deep  blue  in  color,  and  from  a 
coarse,  massive  rock  to  thin  bedded  shales.  At  the  point  where 
section  CD  crosses  it,  it  dips  at  50°  to  the  southwest  and  is  over- 
lain unconformably  by  the  Mark  West  andesite. 

Age, — This  formation  is  unique  in  appearance,  and  of  *wide- 
spread  distribution  throughout  the  Coast  Ranges  south  of  this 
territory,  it  also  occurring  on  the  west  flank  of  the  Sierras,  where 
it  is  placed  in  the  lone  formation.  Even  without  the  aid  of  fos- 
sils it  can  be  unhesitatingly  referred  to  the  San  Pablo,  but  at 
Carneros  Creek  a  good  bed  of  shells  of  this  age  exists.  So  far 
as  the  writer  is  aware,  this  is  the  most  northerly  locality  in  the 
Coast  Ranges  at  which  it  has  been  encountered. 

SAN  PABLO  (?). 

In  addition  to  the  strata  above  described,  there  are  certain 
others  which  are  tentatively  referred  to  the  San  Pablo.  Thev 
certainly  antedate  the  Pliocene  lava  ilows  of  the  Coast  Ranges, 
which,  it  will  be  shown  later  i)rol)ably  belong  to  the  later  Pliocene. 
They  consist  of  a  variety  of  sandstones,  shales  and  conglomerates, 
fi'ee  from  pebbles  of  volcanic  rocks. 

Pr( -Volcanic  Hah  near  Freestone. — Between  Freestone  and 
the  month  of  Toniales  bay  and  the  town  of  Tomales  these  beds  are 
well  exposed,  being  here  sonic  400  feet  thick,  and  made  up  about 
ns  follows:  At  the  base  about  50  feet  or  more  of  a  very  coarse 
hard  sandstone,  ai)pr<)aching  a  conglomerate  in  texture,  most  of 
the  grains  being  well   water  worn,  and  composed  of  chert  or 

*Xotes   oil    some   igiuM)us,   inetainor]>liic    an<l   aedinientarj'    rocks   of   the 
Coast  Ranges  of  California.     Jour.  Geol.,  Vol.  6.  No.  5,  ]898. 
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quartz ;  some  200  feet  of  sandy  shales,  usually  yellow  to  buflf  in 
color,  but  sometimes  variegated  and  interbedded  with  thin  layers 
of  Franciscan  pebbles ;  and  about  150  feet  of  massive  yellow  sand- 
stone, sometimes  firm,  though  usually  soft,  and  containing  layers 
and  nodules  of  hard,  dark  gray  limestone.  These  strata  are  lying 
almost  horizontal  in  this  vicinity,  but  farther  east  they  dip  gently 
to  the  northeast.  At  Freestone  they  are  overlain  conformably  by 
the  Sonoma  tuff,  which  will  be  shown  below  to  belong  to  the  later 
Pliocene.  Badly  preserved  marine  shells,  and  two  large  indeter- 
minate vertebrae  were  found  in  them. 

NVar  the  mouth  of  the  Estero  San  Antonio,  about  three  miles 
west  of  Valley  Ford,  is  a  good  cliif-section  in  these  sandstones 
which  is  foasiliferous.  In  this  \ncinity  the  writer  found  the  fol- 
lowing species: 

Pecten  c^urinus  Gould. 

Xatica  sp. 

Leda  sp. 

Machaera  patul^i  Dixon. 

Solen  sp. 

Nepinnea  recurva  Gate. 

Crcpidula  grandis  Midd. 

Clement ia  suhdiaphana  Carpt. 
Fre-Volcamc  Beds  at  Trenton. — At  Trenton  a  well  sunk 
throu^rh  the  Sonoma  Tuff  into  the  sandstones  beneath  encoun- 
tered a  shell  bed,  but  the  only  specimens  procurable  by  tHfe  writer 
were  casts,  and  indeterminable,  though  of  a  Merced  appearance. 
Pre-Voleanic  Beds  of  Pleasant  and  Capatj  Valleys. — The 
strata  along  the  Sacramento  Valley  slope  of  the  range  overlying 
the  Cretaceous  resemble  verv  closely  in  character  those  above 
described.  Thev  C(msist  of  heav^'  bedded  soft  vellow  to  buff 
colored  sandstones,  soft  pinkish  to  white  fissile  shales,  and  non- 
volcanic  conglomerates  made  up  of  pebbles  of  Franciscan  and 
Knoxville  rocks.  The  principal  dift'erence  is  the  frecpient  coarse 
character  of  the  conglomerate,  some  of  which  is  made  up  of  peb- 
bles six  inches  in  diameter,  and  the  inclusion  of  large  angular 
boulders  of  Cretaceous  sandstone.  At  Pleasant  V^alley  the  So- 
noma Tuff  of  the  later  Pliocene  overlies  these  sandstones,  being 
confonnable  in  dip,  and  in  the  same  relation  to  them  as  at  Free- 
stone. 
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Age. — The  question  of  the  ape  of  these  strata  cannot  at  pres- 
ent be  conclusively  settled.  Gabb*  referred  the  beds  near  Free- 
stone doubtfully  to  the  Miocene.  Pecten  c^inrinus  is  not  sup- 
posed to  extend  back  of  the  Pliocene,  while  dementia  suhdia- 
pJiana  is  not  known  back  of  the  Pliocene.  These  beds  lie  con- 
formably beneath  the  Sonoma  Tuff,  which  will  be  shoAiTi  later  is 
probably  of  late  Pliocene  age.  But  on  the  eastern  side  of  Santa 
Rosa  Valley  a  thick  flow  of  andesite  lies  conformably  beneath 
the  tuff,  with  no  intervening  sedimentaries,  while  beneath  the  an- 
desite is  a  marked  unconformity  separating  the  latter  from  fresh- 
water beds  of  probable  Orindan  age.  Hence,  since  the  marine 
sedimentaries  near  Freestone  beneath  the  tuff  are  non-volcanic 
in  their  nature,  they  are  tentatively  referred  by  the  writer  to  the 
San  Pablo. 

The  sedimentaries  beneath  the  Sonoma  Tuff  in  Pleasant  and 
Capay  Valleys,  while  conformable  in  dip  with  the  latter,  are 
also  non- volcanic  in  nature.  That  they  are  marine  in  deposition 
is  shown  by  a  bed  of  marine  shells  found  in  Pleasant  Valley 
carrying  numerous  species  of  poorly  preserved  shells  of  the  San 
Pablo  appearance.  These  beds  are  also  referred  tentatively  to 
the  San  Pablo.  orixdaN(?). 

Kcd  Gravels  of  Santa  Kosn  ValU}/. — Certain  strata  of  un- 
known age  are  here  inserted,  since  they  are  certainly  older  than 
the  Pierced,  and  probably  younger  than  the  Cretaceous.  They 
occur  on  the  west  side  of  Santa  Rosa  Valley,  between  Trenton 
and  llealdsburg,  where  they  foi-m  a  low  ridge  of  hills  which,  on 
ac(!ount  of  their  very  red  color,  form  a  striking  feature  of  the 
landscape.  Where  exposed  in  favorable  places,  as  at  landslides, 
it  is  found  that  this  peculiar  brick-red  soil  is  derived  from  a 
formation  which  is  characterized  by  being  made  up  almost  en- 
tirely of  chert  and  sandstone  of  unmistakable  Franciscan  appear- 
ance. Sandstone  predominates,  about  60%  being  sandstone, 
10%  radiolarian  chert,  oVr  (luartzite,  and  25%  red  clay,  which 
holds  it  loosely  together  and  gives  it  its  striking  color.  There  is 
a  notable  absence  of  voleanies,  only  a  few  pebbles  of  quartz- 
porphyry  being  seen.  The  gravel  is  of  the  average  size  of  a 
pigeon's  e<ig,  with  a  small  percentage  of  large  pebbles  up  to 

*GeoI.  CaUf.,  pp.  83,  84. 
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four  or  five  inches  in  diameter.  No  stratification  is  discernable, 
eoarse  and  fine  material  being  indiscriminately  mixed.  This 
formation  lies  unconformably  upon  the  Franciscan,  and  beneath 
the  Sonoma  Tuff,  seemingly  unconformably.  These  gravels  do 
not  occur  north  of  Healdsburg,  so  far  as  known,  and  have  not 
been  looked  for  by  the  writer  south  of  Trenton,  though  they 
probably  extend  down  to  Forestville.  On  the  east  side  of  Santa 
Rosa  Valley  they  have  not  been  encounteivd.  No  fossils  having 
been  found  in  them,  nothing  definite  can  be  said  of  their  acre,  but 
for  certain  reasons,  which  will  be  shown  in  the  chapter  on  corre- 
lation, they  are  supposed  to  correspond  to  the  Orindan.  Their 
lack  of  bedding  points  to  their  being  of  fluviatile  origin,  and 
they  are  probably  quite  local  in  occurrence. 

SciUmentaries  beneath  Andfsite  on  Petal uma  Creek. — On  the 
♦^astern  side  of  Petaluma  Valley,  near  Penn's  Grove,  on  the  head- 
waters of  Petaluma  Creek,  are  sandstones,  shales  and  non-vol- 
canic conglomerates  of  very  similar  appearance  to  those  beneath 
the  Sonoma  Tuff  at  Freestone  and  Tomales.  This  formation  is 
dipping  at  rather  steep  angles,  20°  to  50°,  and  is  overlain  uncon- 
formably by  iMark  West  Andesite.  No  Sonoma  Tuff  was  obser\'ed. 
A  fine  grained  clay  shale  yielded  numerous  good  specimens  of  the 
rare  fossil  Cyrena  Californica  Gabb. 

Lignitic  Beds  of  Lawlor's  Raneh. — Alxmt  six  miles  southeast 
of  the  locality  above  described,  and  five  miles  east  of  Petaluma. 
on  Lawlor's  i-anch,  is  a  small  bed  of  lignite  in  apparently  these 
same  strata.  The  beds  are  folded  at  angles  up  to  45  ,  and  lie 
unconformably  beneath  the  Mark  West  Andesite.  A  few  inde- 
terminable shells  of  fresh-water  appearance,  and  several  horse 
teeth  have  been  fcmnd.  The  teeth  were  submitted  to  Dr.  J.  W 
(iidley  of  the  American  Museum,  who  kindly  furnishes  the  fol- 
lowing information  regarding  them : 

*'The  last  upper  molar,  specimen  No.  2251,  belongs  to  a  sp«*- 
cies  of  Xeohipparion  with  a  ver>'  progressive  [)r()tocone.  The 
lower  molar,  with  the  same  number,  is  a  different  individual. 
This  l(K)th  has  a  peculiarly  compres.sed  appearance  which  docs 
not  agree  with  the  ordinary'  full  proportions  of  the  upper  molar. 
The  little  fold  of  enamel  at  the  anterior  external  corner  of  the 
protoconid  proves  lower  tooth.  No.  2251,  to  belong  to  a  genus 
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more  primitive  than  Equiis,  but  the' small  size  of  the  fold  indi- 
cates a  very  advanced  sta^e  for  a  Miocene  form.'' 

Liijnitic  Beds  of  Mark  West  Creek. — On  Mark  West  Creek, 
about  half  a  mile  above  the  point  where  it  enters  Santa  Rosa 
Valley,  are  lignitic  beds  which  have  been  worked  in  a  small  way 
for  coal.  The  li^ite  occurs  in  a  diatomaceous  shale  which  here 
underlies  the  Mark  West  andesite.  The  li^ite  deposit  is  small 
and  unimportant,  but  interesting:  jreological  ly ,  since  these  beds 
probably  represent  a  fresh-water  lake  contemporaneous,  if  not 
c(mnected,  with  that  at  Lawlor's  Ranch. 

Age. — Jjignite  is  known  to  exist  in  these  beds  at  two  places, 
and,  at  the  lignite  beds  of  Lawlor's  Ranch,  horse  t^eth  of  late 
Miocene  or  early  Pliocene  a^e  have  been  found,  and  imperfect 
casts  of  fresh-water  shells.  Cyrena  Calif ornica  occurs  abund- 
antly on  Petaluma  Creek,  and  is  known  certainly  from  only  one 
other  locality,  viz:  Kirker\s  Pass,  in  the  very  uppermost  part  of 
the  San  Pablo  section.* 

Andesite  intervenes  between  these  beds  and  the  Sonoma  TuflF, 
and  rests  unconfonnably  across  the  eroded  edges  of  their  strata. 
Hence  they  are  considerably  older  than  the  tuff,  and,  as  will  be 
shown  later,  the  latter  is  probably  not  later  than  early  Merced. 
These  beds  are,  therefore,  referred  tentatively  to  the  Orindan, 
and  will  be  discussed  more  fully  later  in  the  chapter  on  the  cor- 
relation of  the  Neocene. 

LATEK  PLIOCENE. 

The  formations  ol)served  by  the  writer  in  the  region  imder 
discussion,  and  ascribed  by  him  to  the  later  Pliocene,  make  up 
i\  series  conformable  in  dip.  but  containing  erosion  intervals. 
They  consist  of  lava  Hows  and  sedimentaries;  the  former  of  two 
well  marked  characters,  the  one  of  intermediate  aciditv,  the  other 
acid:  the  latter  pailly  of  marine,  and  partly  of  lacustrine,  fiuvia- 
tile  and  aeolian  deposition,  but  made  up  largely  of  volcanic  detri- 
tus of  intermediate  aciditv. 

Stalling  at  the  base,  the  series  consists  of  ; 

The  Mark  Wrsf  Andesite,  of  varying  thickness  up  to  1,500 
feet. 


r»alaeont()lo^y  of  Cnl.     (Ja))!),  Vol.   II,  p.  iMj,  pi.  7,  fig.  45. 
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The  Sonoma  Tuff,  andesitic  in  character,  and  interbedded 
with  thin  flows  of  basalt,  to  the  west  with  sandstones  and  volcanic 
conglomerates,  and  to  the  east  with  volcanic  agprlomerates  and 
breccias.  The  maximum  thickness  of  the  tuff  and  agrfrlomerate 
observed  at  any  one  place  is  1,700  feet. 

The  Marine  Beds  of  Wilson^s  Ranch,  made  up  of  soft,  friable 
yellow  sandstone  and  fine  volcanic  cont?lomerates  of  a  thickness 
probably  exceeding  2,000  feet,  and  carrying  typical  Merced 
fossils. 

The  St.  Helena  Hhijolite,  of  varying  thickness  up  to  2,000  feet. 

The  maximum  thickness  observed  for  the  whole  series  at  anv 

ft 

one  place  was  about  4,000  feet,  which  does  not  take  into  account 
that  portion  of  the  rhyolite  removed  by  erosion. 

This  series  mantles  indifferently  over  the  older  formations 
throughout  the  large  portion  of  the  area  under  discussion,  and 
engaged  most  of  the  writer's  attention.  Hence  it  will  be  described 
in  considerable  detail. 

MARK   WEST   ANDESITE. 

Areal  Distribution  and  Thickness. — The  andesite  flows  in  the 
central  and  northern  portion  of  the  area  under  discussion  aggre- 
gate a  great  thickness,  while  to  the  south  and  west  they  thin  out  to 
mere  sheets.  Where  exposed  by  a  fault  on  the  southwest  slope 
of  Mt.  St.  Helena  they  are  over  1,500  feet  thick,  while  the  anti- 
clinal fold  just  west  of  Mark  West  Springs  shows  a  thickness  of 
about  700  feet.  At  Napa  City  the  waterworks  well  shows  them 
to  have  a  thickness  of  nearlv  1,500  feet.  Near  Petaluma  thev 
thin  down  to  about  100  feet,  and  somewhere  under  Santa  Rosa 
Valley  they  run  out  to  a  thin  edge,  since  they  do  not  appear  at 
all  (m  its  west  side. 

Structure. — They  lie  usually  at  small  angles,  mantling  indif- 
ferently over  the  various  older  formation  beneath  them. 

Age. — These  andesites  seem  to  be  conformable  in  dip  with  the 
Sonoma  Tuff  above,  but  an  erosion  interval  existed  between  the 
two,  as  shown  by  the  numerous  andesite  pebbles  included  in  the 
latter.  The  conformability  of  the  dip  with  the  Sonoma  Tuff,  the 
age  of  which,  as  will  be  shown  later,  is  pretty  certainly  late  Plio- 
cene, together  with  its  unconformable  relation  to  the  blue  San 
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Pablo  sandstone  and  to  the  supposed  Orindan  beds  below,  points 
to  its  beinp:  of  late  Pliocene  aj^e. 

Petrography. — A  specimen  of  this  rock  from  beneath  the 
Sonoma  Tuff  near  the  contact  on  the  west  limb  of  the  anticline 
near  ^lark  West  Springs  showed  itself  to  be  macroscopically  a 
dark,  heavy  rock,  varying:  from  dark  greenish  black  to  brown  in 
color,  according  to  degree  of  weathering,  and  sufficiently  coarse 
grained  to  enable  the  lath-shaped  feldspars  of  the  ground  mass 
to  be  readily  seen  with  the  naked  eye.  Scattering  phenocrysts  of 
feldspar  and  of  olivine  occur  up  to  4  mm.  in  length. 

Miei-^iiwjopically  this  rock  is  coarse  in  texture,  consisting  of  a 
few  Inrge  phenocrysts  of  labradorite  and  olivine  scattered 
throitgh  a  rather  coarsely  crystalline  ground  mass,  made  up 
chiefly  of  labradorite  feldspar  in  well  shaped  laths  almost  uni- 
versally twinned  on  the  albite  law,  and  rounded  grains  of  augrit^, 
the  structure  being  the  common  one  called  by  Rosenbusch  ''Inter- 
sertal."  The  feldspar  phenocrysts,  measured  by  the  common 
method  of  symmetrical  extinctions  on  the  albite  twinning  plane 
(101),  gave  a  maximum  extinction  angle  of  37.5°.  According 
to  ^richel  Levy,  this  angle  corresponds  to  a  labradorite  of  about 
the  composition  Ab.,  An^.  One  crystal,  rhombic  in  section,  with 
good  cleavages  parallel  to  (001)  and  (100),  and  showing  no 
twinning  lamellae,  was  evidently  cut  parallel  to  the  albite  twin- 
ning plane  (010).  It  gave  an  extinction  angle  measured  against 
the  trace  of  (001),  of  22°.  The  extinction  fell  in  the  acute  angle 
of  the  rhomb,  making  the  sign  negative.  This  corresponds  to 
labradorite  of  a  composition  between  Abg  An^  and  Abj  An.,,. 

Small  crystals  and  grains  of  magnetite  occur  in  some  cases 
formed  anmnd  the  ends  of  the  feldspar  laths,  never  included  in 
them.  Hematite  in  flakes  and  irregular  patches,  and  as  a  mere 
stain  discoloring  the  feldspar,  is  very  abundant.  It  seems  to  have 
come  from  some  exterior  source  as  an  infiltration.  Flow  struc- 
ture is  very  noticeable,  the  feldspar  laths  of  the  ground  mass 
being  drawn  out  in  more  or  less  parallel  lines,  and  w^rapped 
around  the  ends  of  the  phenociysts.     A  little  glass  is  present. 

A  specimen  from  beneath  the  Sonoma  Tuff  on  the  east  limb  of 
the  anticline  near  the  contact  at  Mark  West  Springs  is  very  simi- 
lar in  appearance  to  the  rock  above  described  from  the  west 
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contact.  It  is  dark  grreenish  black,  heavy  rock,  rather  too  coarsely 
crystalline  for  a  basalt,  with  scattering  phenocrysts  of  feldspar. 

Microscopically  it  is  also  similar.  It  is  somewhat  fresher, 
and  contains  much  less  hematite.  By  Michel  Levy's  statistical 
method  the  feldspars  gave  a  maximum  angle  of  43.5°  This  indi- 
cates a  basic  labradorite  of  a  composition  somewhat  more  basic 
than  Abg  An^  or  nearly  Ab^  An.^.  Augite  occurs  sparingly  as 
phenocrysts  up  to  .38  mm.  in  length.  These  crystals  are  rounded 
and  corroded  as  though  acted  upon  by  the  magma  prior  to  con- 
solidation. The  abundant  augite  in  the  ground  mass  occurs  in 
rounded  grains  lying  between  the  laths  of  feldspar  in  the  **Inter- 
sertal"  structure  of  Rosenbusch.  The  feldspar  lathes  are  short 
and  stout,  and  invariably  twinned  on  the  albite  law.  The  augite 
is  of  the  usual  lavendar  gray  color.  It  appears  to  be  altering  to 
chlorite  of  a  dark  green  shade,  which  stains  the  rock  freely.  No 
olivine  was  observed  in  this  slide.  A  slight  flow  structure  was 
observed.  No  glass  was  recognized.  A  careful  determination  of 
the  silica  contents  of  this  rock  gave  65.13%. 

A  specimen  from  below  the  Sonoma  Tuff  on  the  southwest 
slope  of  Mt.  St.  Helena  may  be  described  as  follows : 

Macroscopically  it  is  a  dark  grayish  black  rock,  containing 
phenocr>'sts  of  lath-shaped  feldspars  and  irregular  greenish  yel- 
low decomposed  augite  crystals  in  a  fine  grained  ground  mass, 
which  does  not  appear  crystalline  to  the  naked  eye. 

Microscopically  this  rock  is  made  up  of  numerous  large  and 
.small  phenocrj'Sts  of  feldspar  and  of  augite  embedded  in  a  semi- 
cr>\stalline  ground  mass  composed  of  numerous  feldspar  micro- 
lites  embedded  in  glass.  The  feldspar  phenocrysts  are  frequently 
well  terminated,  but  the  larger  ones  are  usually  broken  and  show 
wHvy  extinction.  The  maximum  angle  observed  in  sections  show- 
ing s\Tnmetrical  extinctions  on  (010)  was  38  \  This  corresponds 
to  a  labradorite  of  about  the  composition  Ab.,  An..  The  augite 
phenocrj^sts  are  worn,  broken  and  corroded,  and  usually  altered 
to  chlorite  and  hematite.  They  were  preceded  by  the  magnetite 
which  is  found  included  in  them.  The  feldspar  is  moulded  on 
the  augite.  There  is  much  magnetite  dust  in  the  glass  of  the 
gnmnd  mass,  and  also  much  chlorite,  which  stains  the  rock  gi^een 
in  thin  sections.    This  may  have  come  from  original  augite  grains 
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in  the  proiind  mass.  Flakes  of  hematite,  and  stains  of  the  same, 
are  abundant.  Two  crj^stals  of  ilmenite,  altering  to  leuco^ene, 
were  observed.  This  rock  contains  64.8%  SiOj.  A  finer  grained 
rock  from  the  same  locality  yielded  65.5%  SiOo.  Similar  lava 
extends  from  the  hills  on  the  east  side  of  Santa  Rosa  Valley  and 
extends  west  of  Penn's  Grove  for  about  one  mile.  It  restsuncon- 
formably  upon  the  yellow  sandstone  and  gravel  which,  near  the 
headwaters  of  Petahnna  Creek,  some  two  miles  northeast  of 
Penn's  Grove,  contain  the  distinctive  upper  San  Pablo  fossil, 
Cyrena  Californica.  These  andesites  are  supposed  by  the  writer 
to  be  the  same  as  those  above  described  from  Mark  West  Springs 
and  Mt.  St.  Helena. 

A  specimen  from  one  mile  west  of  Penn's  Grove  station 
showed  the  following  characteristics. 

Macroscopically  it  is  a  hea\y  dark  greenish  gray  rock  of  siiflfi- 
ciently  coarse  texture  to  enable  the  eye  to  recognize  the  cr>'stal- 
linity  of  the  ground  mass.  Occasional  small,  well  shaped  pheno- 
crysts  of  feldspar  were  obsei'ved,  and  small  yellow  spots,  due 
apparently  to  the  decomposition  of  the  pyroxene,  are  numerous. 

Microscopically  this  rock  is  seen  to  be  rather  coarsely  crystal- 
line in  texture.  The  phenocrysts  are  very  abundant,  consisting 
of  well  shaped  laths  of  feldspar  and  stock\'  prisms  of  augite, 
embedded  in  a  crystalline  ground  mass  of  small  feldspar  laths 
and  well  shaped  augite  needles. 

The  feldspar  jjrave  a  iiiaxiiiiuni  extinction  angle  on  a  section 
cut  perpendicular  to  (010)  of  41  ^  This  would  indicate  a  feld- 
spar somewhat  more  basic  than  Ab.,  An^.  The  usual  length  of 
the  labradorite  phenocrysts  is  about  .38  mm. 

Augite  is  plentiful.  \Vhile  the  needle-like  crystals  of  the 
ground  mass  are  well  shaped,  the  large  phenocrysts  are  usually 
badly  corroded  by  the  magma.  The  maximiun  length  of  these 
phenocrysts  is  about  .5  \\\m.  Much  magnetite  occurs  as  small 
cubes  and  octahedra,  included  princij)ally  in  the  augite.  Xo 
olivine  was  observed,  and  no  glass  could  be  certainly  determined 
in  the  ground  mass.  There  is  a  distinct  similarity  between  this 
rock  and  the  ones  described  from  the  vicinity  of  ^lark  West 
Springs. 

Another  specimen  from  the  same  locality  showed  the  follow^- 
ing  features: 
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Maeroscopically  it  is  a  heavy  dark  greenish  black  rock,  ver>' 
similar  in  appearance  to  the  last  one  described.  It  is  evidently 
crv'stalline  in  character  but  with  few  phenocrysts  showing?  to 
the  naked  eye. 

^Kcroscopically  it  is  seen  to  be  made  up  of  numerous,  but 
small,  er>'stals  of  feldspar  and  pyroxene  embedded  in  a  ^ound 
mass  of  feldspar  microlites  and  auf?ite  prrains  in  the  *'Tnter- 
sertaF'  structure  of  Rosenbusch.  The  maximum  extinction  an^le 
of  the  feldspar  phenocrysts  was  41  •,  hence  it  is  a  medium  labra- 
dorite.  The  largest  crystals  of  feldspar  observed  measured 
6  mm.  in  length,  the  largest  of  pyroxene  5  mm.  These  pyroxene 
phenocrysts  proved  to  be  orthorhombic.  They  were  distinguished 
from  the  augite  of  the  ground  mass  by  their  straight  extinction, 
lower  double  refraction,  and  pleochroism.  The  latter,  however, 
is  ver>'  weak,  and  suggests  enstatite.  The  color  of  the  fresher 
crystals  in  ordinary'  light  is  a  greenish  lavender.  The  larger 
(mes,  however,  are  badly  altered  along  the  cleavage  planes  to 
hematite  and  a  green  mineral  of  weak  double  refraction,  prob- 
ably serpentine. 

Augite  is  plentiful  in  the  ground  mass  in  small,  short  prisms 
and  rounded  grains.  The  rest  of  the  mass  seems  to  be  made  up  of 
microlites  of  bytowiiite  feldspar.  No  glass  was  certainly  identified, 
^lagnetite  in  cubes,  and  in  grains  scattered  thnmgh  the  ground 
mass,  is  abundant.  Also  much  serpentine  and  chlorite  is  present 
from  the  alteraticm  of  the  pyroxenes. 

The  feldspars  of  the  above  described  rocks  vary  from  a 
medium  to  an  acid  labradorite,  and  this  fact,  taken  in  connec- 
tion with  the  abundance  of  augite  and  occasional  presence  of 
olivine  and  enstatite,  would  lead  one  to  call  them  basalts.  But 
their  silica  contents  is  invariably  high,  averaging  close  to  f)5% 
Hence  they  must  be  classed  as  pyroxene-andesites.  The  glass  in 
the  ground  mass  mu.st  evidently  be  verv  acid.  Becker*  probably 
referred  to  these  rocks  when  he  spoke  of  the  ''older  andesites.'* 
He  classed  them  as  pyroxene-andesites.  Similar  rocks  are  de- 
scribed by  Palachet  from  the  Berkeley  Hills. 


♦Quicksilver  Deposits  of  the  Pacific  Coast.     Mon.  XII I,  U.  S.  G.  S. 

tThe  Berkeley  Hills.     Lawson  and  Palaehe.     Bull.  Dept.  (icol.,  TTniv.  of 
Cal.,  Vol.  2,  Xo.  12,  p.  412. 
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SONOMA  TUFF. 

Following  the  andesite  came  enormous  quantities  of  volcanic 
ashes.  These  ashes  covered  a  large  area,  part  of  them  falling 
upon  dry  land,  part  upon  water,  and  part  heing  washed  down  by 
the  streams  to  form  tuffs  in  the  seas  and  lakes. 

Character  of  the  Tuff. — This  tuff  is  a  fragmental  rock  made 
up  wholly  of  the  volcanic  material,  and  characterized  by  con- 
taining numerous  fragments  of  pumice,  in  size  from  very  small 
grains  up  to  an  inch  or  more  in  length.  Two  silica  determina- 
tions made  on  the  pumice,  from  two  localities  in  Santa  Rosa  Val- 
ley, gave  respectively  61%  and  63%  SiOj.  Hence  it  is  ande- 
sitic  in  character. 

The  rock  is  usually  verj'  light  in  color  and  in  weight,  and, 
where  well  exposed,  forms  a  conspicuous  feature  of  the  land- 
scape. Certain  fine  grained  varieties  of  it  are  easily  worked  into 
blocks,  which  make  very  good  building  stone  where  great  strength 
is  not  required. 

Areal  Distribution  and  Thickness. — It  is  widely  distributed 
in  the  Coast  Ranges  north  of  Mt.  Diablo  for  at  least  100  miles, 
and,  as  it  is  easily  recognized,  it  was  the  writer's  idea  at  one 
time  to  use  it  as  a  datum  plane  in  an  attempt  to  trace  out  the 
late  Tertiary  basin  of  the  region.  It  w-as  soon  found,  however, 
that  this  would  take  more  time  than  was  available,  and  the  orig- 
inal plan  of  a  continuous  cross-section  through  a  typical  locality 
was  resumed. 

Good  exposures  of  this  tuff  may  be  seen  from  Freestone  south- 
east to  Bloomfield,  near  Trenton  and  on  the  Russian  River  near 
the  mouth  of  the  Mark  West  Creek,  in  the  lower  foothills  north- 
east of  Windsor  and  near  ^fark  West  Springs  as  shown  in  Sec- 
tion AB.  From  here  east  to  Calistoga,  and  beyond  to  the  high 
ridge  of  Twin  Peaks,  there  are  large  areas  and  immense  thick- 
nesses of  it.  As  shown  by  Section  CD,  it  is  much  thinner  to  the 
south.  In  fact,  it  was  necessary  at  many  places  to  exaggerate  its 
thickness  to  show  it  at  all  on  the  section,  since  toward  the  south- 
west part  of  the  area  it  is  sometimes  not  more  than  ten  or  fifteen 
feet  thick.  From  ^lark  West  Creek  to  Franz  Vallev  and  at  Twin 
Peaks  southwest  to  Oat  Hill  Quicksilver  Mine  it  has  its  greatest 
thickness,  about  1.700  feet.    Toward  the  west  side  of  Santa  Rosa 
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Valley  it  thins  out  very  much.  The  great  bodies  above  mentioned 
at  Franz  Vallev  and  near  Twin  Peaks  seem  to  be  of  the  nature 
of  aprelomerate  rather  than  tuff,  containing  an  immense  number 
of  an<nilar  fragments  of  lava,  mostly  andcsite.  At  the  latter  place 
frajnnents  are  sometimes  encountered  many  tons  in  weight. 

The  Interbedded  Sandstones  and  Conglomerates. — Toward 
the  west,  on  both  sides  of  Santa  Rosa  Valley,  beds  of  the  pumi- 
cious  tuff,  ten  or  fifteen  feet  thick,  are  interbedded  with  sand- 
stone and  gravel.  The  sandstone  is  usually  a  rather  coarse,  yel- 
low, loosely  compacted  rock.  The  conglomerate  is  very  distinc- 
tive. It  is  made  up  almost  entirely  of  volcanics.  The  pebbles 
are  mostly  andesite,  some  appear  to  be  basalt,  and  quite  a  large 
proportion  is  a  white  rhyolite  which  the  writer  has  never  encoun- 
tered in  place.  Rhyolitic  breccias,  and  occasional  pebbles  of 
Franciscan  chert,  glassy  obsidian  and  petrified  wood,  also  occur. 
Between  Mark  West  Springs  and  the  edge  of  the  Santa  Rosa 
Valley,  along  the  line  of  Section  AB,  these  gravels  are  very 
coai-se,  75%  being  over  two  inches  in  diameter,  and  10%  over 
six  inches.  At  this  locality  fully  1,900  feet  of  these  buff  colored 
sandstones  and  heavy  gravels  rest  on  top  of  about  200  feet  of  the 
pumicious  tuff,  but  on  the  east  limb  of  the  anticline,  and  in  the 
synclinal  basin  of  Mark  West  Creek  east  of  the  springs,  the  same 
character  of  gravel  is  seen  to  be  interbedded  with  considerable 
thicknesses  of  tuff,  though  at  the  base  is  nearly  600  feet  of  tuff 
free  from  sandstone  and  gravel.  Thus  the  lower  portion  of  the 
beds  at  this  point  are  wholly  tuffaceous,  while  the  upper  part 
contains  no  tuff  at  all,  though  the  gravel  is  the  same.  On  the 
east  .side  of  the  anticline  there  is  no  line  of  demarcation  between 
the  tuff  and  the  sandstone.  Tuff  seems  to  be  interbedded  with 
sandstone  up  to  a  considerable  distance  above  the  base,  and  then 
sandstone  continues  to  the  toj).  On  Section  AB  two  beds  have 
been  shown,  one  representing  the  tuft'  and  the  other  the  sand- 
stone, but  the  line  between  the  two  is  an  arbitrary  one,  as  the 
writer  could  not  find  it  in  the  field,  and  is  of  the  opinion  that 
tuffs  and  sandstones  belong  to  the  same  period  of  sedimentation. 

Lava  Flows  within  the  Sonoma  rMyf.--Tntercallated  with  tho 
tuff,  on  the  east  side  of  the  anticline  at  IMark  West  Springs,  about 
300  feet  from  the  base,  is  a  forty  foot  flow  of  basalt.    At  Gree- 
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ley's  Ranch,  three  miles  northeast  of  Windsor,  this  same  flow 
seems  to  occur,  resting  on  the  Sonoma  Tuff.  At  Mt.  St.  Helena, 
Sacro  Canon  near  Napa,  and  at  other  places  flows  of  lava  inter- 
callated  with  the  tuff  and  agglomerate  were  observed. 

Petrography. — A  specimen  from  Mark  West  Springs  showed 
the  following  characteristics : 

Macroscopically  this  is  a  dense  dark  greenish  black  rock,  in 
which  a  few  large  phenocrysts  of  feldspar  and  of  olivine  can  be 
seen  with  the  naked  eye.  The  ground  mass  does  not  appear  to 
be  cr>^stalline. 

Microscopically  it  is  a  very  porphyritic  rock,  consisting  of 
large  phenocrysts  of  feldspar  up  to  2  mm.  in  length  embedded  in 
a  micro-crystalline  ground  mass  of  small,  well  shaped  feldspar 
microlites  separated  by  augite  prisms  in  the  common  intersertal 
structure.  The  microlites  appear  to  be  universally  twinned,  and 
a  maximum  angle  was  obtained  on  (010)  of  33°.  A  large  pheno- 
cryst  also  gave  33°.  This  maximum  angle  corresponds  to  a  labra- 
dorite  of  a  composition  midway  between  Ab.,  An^  and  Ab^  An,, 
Olivine  in  prisms  and  rounded  grains  is  rather  abundant.  The 
largest  phenocryst  observed  was  about  5  nun.  in  diameter.  They 
are  usually  rounded  on  the  corners  and  altered  along  the  cracks 
to  serpentine.  The  most  eharactenstic  feature  of  the  structure 
is  the  sharp  distinction  between  the  two  periods  of  consolidation. 
Jjarge.  well  shaped  crystals  of  labradorite  enclosed  in  a  micro- 
crystalline  ground  mass  of  well  formed  feldspar  laths  in  inter- 
sertal structure  with  augite  grains.  Flow  structure  is  beauti- 
fully developed,  as  shown  by  the  disposition  of  the  microlites 
around  the  j)henoerysts.  A  little  glass  is  present  in  the  ground 
mass.  A  silica  determination  gave  43.06',^  SiO..  The  rock  is 
a  good  example  of  an  Olivinc-Basall. 

Another  specimen  from  Greeley's  Rranch,  about  three  miles 
northeast  of  Windsor,  will  be  described.  Here  the  hills  have 
a  thin  capping  of  ba.salt  resting  on  Sonoma  Tuff  and  gravels. 
Structurally  this  l)asalt  appeai-s  to  the  writer  to  correspond  to 
the  flow  above  described  at  Mark  West  Springs. 

]\racroseopically  it  is  grayish  black  rock,  quite  scoriaceous, 
with  many  vi^sicles  which  have  been  subsequently  filled  with  opal 
and  iron  oxides.     The  phenocrysts  are  numerous  and  easily  dis- 
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cernable  to  the  naked  eye,  some  of  them  being  2  mm.  in  length. 
They  appear  to  be  wholly  feldspar.  The  ground  mass  is  iinre- 
soluble  to  the  naked  eye. 

Microscopically  it  is  strikingly  similar  to  the  rock  described 
from  Mark  West  Springs.  The  two  periods  of  consolidation  are 
even  more  sharply  divided,  and  the  movement  of  the  magma  be- 
tween the  two  periods  is  still  more  clearly  shown.  The  feldspars 
gave  35"^  as  their  maximum  extinction  angle,  indicating  a  labra- 
dorite  of  composition  near  Ab.^  An^.  Large  lath  shaped  labra- 
dorite  phenocrysts  were  embedded  in  a  microcrystalline  ground 
mass  made  up  of  a  imiltitude  of  very  minute  microlites  of  labra- 
dorite  and  grains  of  augite  in  intersertal  structure.  No  olivine 
was  observed.  A  small  amount  of  brown  glass  is  present,  which 
seems  to  have  come  from  some  exterior  source.  This  rock  would 
be  called  ordinary  basalt. 

Age. — Near  Freestcme  numerous  casts  of  shells  were  found 
in  this  tuff,  but  they  were  not  determinable,  though  they  were 
certainly  marine  in  character  and  resembled  the  shells  of  the 
Merced  above.  Its  conformable  relation  to  the  Wilson  Ranch 
beds  suggests  its  being  of  lower  Merced  age. 

MARINE  BEDS  OF  WILSON  \s  RANCH. 

Lithological  Character. — Near  Wilson's  Ranch,  on  the  Rus- 
sian River,  some  two  miles  above  the  mouth  of  Mark  West  Creek 
and  lying  ccmformably  upon  about  100  feet  of  Sonoma  Tuff 
interbedded  with  coarse  volcanic  conglomerate  and  yellow  sand- 
stone, is  a  formation  of  heavv-bedded,  friable  vellow  to  buff  col- 
ored  sandstone,  interbedded  occasionally  with  fine  volcanic  con- 
glomerate and  beds  of  shells.  It  dips  gently  toward  the  Santa 
Rosa  Valley,  and  is  of  unknown  thickness,  })ut  is  probably  up- 
ward of  2,000  feet.  On  account  of  their  soft,  friable  nature  these 
beds  weather  in  characteristic  ''Bad  Land"  forms. 

Airal  Dislribution. — These  beds  extend  along  the  east  bank 
of  the  Russian  River,  apparently  about  half  way  to  Ilealdsburg. 
dipping  to  the  east  and  disappearing  under  the  valley  alluvium. 
On  the  eastern  side  of  the  Santa  Rosa  Valley,  exposed  along  the 
foothills  north  of  Mark  West  Creek,  are  sandstones  of  very  simi- 
lar appearance  and    weathering,  but  interbedded    with    much 


68 


University  of  California  Publications.  [Geology 


coarser  gavels.  They  show  no  fossil  beds,  and  seem  to  be  of  the 
nature  of  a  river  deposit.  They  lie  conformably  above  the  Sono- 
ma Tuff  and  are  dipping  toward  to  the  valley  to  the  west.  At 
Freestone,  conformably  above  the  Sonoma  Tuff  and  lying  almost 
horizontally,  is  a  yellow  sandstone  of  almost  identical  character 
to  that  at  Wilson's  Ranch.  It  extends  northward  toward  Tren- 
ton and  dips  gently  toward  the  northeast.  No  fossils  were  found 
in  it.  In  Petaluma  is  a  small  exposure  which  may  be  a  remnant 
of  these  beds. 
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Section  from  the  Russian  River  to  Windsor,  across  the  Santa 
Rosa  Valley,  showing  the  stratigraphic  relations  of  the  Merced, 
Sonoma  Tuff,  Red  Gravels,  and  Franciscan,  and  the  position 
of  the  Merced  shell  beds  at  Wilson  's  Ranch. 

The  only  good  shell  beds  observed  in  this  formation  are 
located  at  Wilson's  Ranch,  on  the  east  bank  of  Russian  River 
some  three  miles  southwest  of  Windsor  and  one  mile  north  of 
Trenton.  They  occur  about  1,000  feet  above  the  Sonoma  Tuff. 
The  writer  made  several  trips  to  this  locality  and  collected  a 
number  of  fossils,  which  he  was  enabled  to  identify  as  follows  : 

Tapes  stahyi  Gabb. 

Macoma  nasuta  Con. 

Standdla  nasuta  (?)  Old. 

Schizot/focrus  Nuitali  Con. 

X  at  tea  clausa  Brod.  and  Sbv. 

Xatica  Icwisii  CAd. 

OJivcUa  hiplicaia  Shy. 

Chrysodomns  tabulatiis  Baird. 

Area  irilincaia  Con. 

Xassa  near  California na  Con. 

Cardium  corbis  ]\Iartvn. 

Crcpidida  grandis  ( ?)  Midd. 

Purpura  saxicola  Val. 
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Solen  sp. 
Pleurotoma  sp. 

Age  and  Correlation, — The  similarity  of  the  above  list  with 
the  species  which  occur  in  the  Seven  Mile  Beach  section  and 
those  of  Capitola,  Half  Moon  Bay  and  the  Scotia  section  of  Hum- 
boldt County  is  at  once  apparent  and  fixes  the  age  of  these  beds 
as  Merced.  The  abundance  of  area  trilineata  points  to  their  be- 
ing of  about  the  horizon  represented  at  Capitola. 

The  physical  appearance  of  these  sandstones  also  strongly 
suggests  the  Merced  and  Wild  Cat  series.  They  are  soft  and 
friable  and  easily  weather  in  the  characteristic  '*Bad  Land'' 
forms  so  commonly  seen  in  the  above  mentioned  formations. 

ST.    HELENA   RIIYOLITE. 

Field  Aspects,  Areal  Distribution  and  Thickness. — Lying 
conformablv  above  the  tuff  are  thick  flows  of  lava  of  a  verv 
much  more  acid  composition  than  that  below.  The  section  at 
Mt.  St.  Helena  shows  ^thickness  of  fully  2,000  feet,  not  taking 
erosion  into  account,  all  of  w^hich  is  of  the  same  general  char- 
acter, being  a  very  light  colored  traehytic  looking  rock  which 
readily  weathers  and  is  conspicuous  by  reason  of  its  lack  of  ferro- 
magnesian  phenocrysts.  Lava  of  the  same  character  forms  the 
crest  of  the  high  ridge  east  of  Napa  City,  occurring  in  great 
thickness  and  dipping  toward  the  valley,  so  that  a  thin  layer  of  it 
still  remains  in  the  valley  itself,  just  east  of  the  town,  capping 
the  tuff  and  andesite.  It  also  forms  the  highest  member  in  the 
country  between  Napa  and  Sonoma,  and  between  Sonoma  and 
Petaluma,  the  latter  place  being  the  farthest  west  it  has  been 
found. 

Petrography.— K  specimen  from  the  top  of  ]\It.  St.  Helena 
showed  the  following  characteristics. 

Macroscopically  it  is  a  very  light  colored,  almost  white,  rock, 
occasionally  slightly  reddish  from  iron  stains,  notably  lacking  in 
ferromagnesian  minerals.  It  has  a  rough,  trachytic-like  surface. 
Numerous  large,  glassy  feldspar  phenociysts  can  be  seen,  but  no 
quartz.    The  ground  mass  appears  to  be  noncrystalline. 

Microscopically  this  rock  is  seen  to  consist  of  numerous  rathei- 
poorly  formed  phenocrysts  of  potash  and  soda-lime  feldspars 
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enclosed  in  a  fine  |u:rained  ground  mass  composed  mostly  of  glass. 
No  ferromapnesian  mineral  is  present,  the  only  iron  bearing  min- 
eral being  occasional  cubes  of  magnetite  and  flakes  of  hematite, 
the  feldspars  frequently  being  stained  with  the  latter.  The  most 
abundant  phenocryst  is  sanidine.  Its  frequent  straight  extinc- 
tion and  absence  of  repeated  twinning  served  to  distinguish  it 
from  the  plagioclase  present.  It  is  .very  abundant,  and  somo- 
tiiTies  occurs  in  well  terminated  crystals,  but  usually  in  broken 
fragments,  frequently  badly  kaolinized.  A  relatively  small 
amount  of  plagioclase  occurs,  of  which  the  highest  extinction 
angle  observed  on  (010)  was  10.5°.  This  would  indicate  either 
albite  or  oligoclase.  The  ground  mass  is  very  fine  grained,  and 
under  the  high  power  is  seen  to  be  composed  of  minute  frag- 
ments of  feldspar,  apparently  sanidine,  intimately  mixed  with 
unindividualized  glass. 

Determined  solely  by  its  optical  properties,  this  rock  would 
be  called  a  trachyte,  since  no  quartz  phenocrysts  were  observed. 
A  silicia  determination,  however,  showed  it  to  contain  72.13  SiO.^. 
Hence  it  is  classed  as  a  Khyolitc.  A  similar  rock  from  above  the 
Sonoma  Tuff  on  the  west  side  of  Wooden  Valley,  Napa  County, 
yielded  72.367r  SiO,. 

A  specimen  from  a  quariy  in  Sarco  canon,  east  of  Napa  City, 
shows  the  following  features: 

Macroscopieally  it  is  a  nearly  pure  white  rock,  with  a  rough, 
sugary  fracture  and  coiis|)icu()us  absence  of  ferromagnesian  min- 
erals. The  only  colored  constituents  an*  small  specks  of  hematite. 
Large  phenocrysts  of  feldspar  are  visible  to  the  eye,  but  no 
(luart/..     It  has  a  roughly  laminated  ap|)earance. 

Microscopically  it  shows  large  i)henocrysts  of  sanidine  em- 
bedded in  a  inicro-crvstalline  irround  mass  of  a  verv  acid  plairio- 

•  '  ft  X  *^ 

clase  in  well  shaped  microlites  in  simple  twins.  These  laths  have 
a  well  definc^l  parallel  arrangement,  due  to  flowage  of  the  magma. 
Scattered  octahedra  of  magnetite  are  present,  and  a  large  amount 
of  hematite  dust,  which  by  its  arrangement  serves  to  bring  out 
the  tlow  structure  more  clearly.  Xo  primary  quartz  was  observed, 
but  a  small  amoiuit  of  secondary  (juartz  was  seen.  This  mck 
is  very  similar  to  that  at  Mt.  St.  Helena,  and  the  writer  has 
classed  it  as  rhyolite. 
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The  area  east  of  Petaluma  is  largely  composed  of  St.  Helena 
rhyolite,  and  at  certain  places  very  laminated  phases  of  it  occur. 
Near  Kelly's  Ranch,  six  miles  southeast  of  Petaluma,  a  beautiful 
laminated  variety  occurs. 

Macroscopically  this  is  a  light  colored,  almost  white  rock, 
marked  with  numerous  parallel  reddish  lines  giving  it  a  beauti- 
ful laminated  appearance. 

Microscopically  it  is  seen  to  be  composed  of  sanidine  and 
(juartz  phenocrysts  with  no  definite  ciystal  boundaries,  which 
have  been  drawn  out  into  parallel  lines  by  the  movement  of  the 
molten  magma.  They  were  rolled  over  and  over,  and  fractured 
and  rounded  before  the  magma  finally  solidified  as  a  glass  around 
them.  The  ground  mass  now  folds  around  the  phenocrysts  and 
broken  fragments  in  eye-shaped  form,  the  flow  structure  being 
beautifully  brought  out  by  numerous  wavy  parallel  lines  of 
hematite  dust.  It  contains  72.24^/^  SiO^.  This  rock  is  an  excel- 
lent example  of  a  banded  rhyolite. 

Similar  banded  rhyolites  have  recently  been  observed  by  Ch. 
E.  Weaver  farther  to  the  south,  on  the  ridge  between  Petaluma 
and  Napa,  and  at  Glen  Ellen.  In  both  cases  they  lie  above  the 
tuff. 

Bfrker's  ** Asperite/^ — Becker*  refers  to  these  rocks  as  fol- 
lows: **  Extensive  areas  of  andesite  occur  to  the  southward  of 
Clear  Lake.  Mt.  Cobb  and  Mt.  St.  Helena  and,  indeed,  a  great 
part  of  the  range  of  which  the  latter  forms  the  culminating 
peak,  known  as  the  Mayacmas  Mountains,  are  andesitic.  The 
andesites  extend  down  almost  continuously  to  within  a  few  miles 
of  Vallejo,  at  the  head  of  the  Bay  of  San  Francisco. 
Both  dense  andesites  of  the  earlier  type  and  the  asperites  are 
represented.  .  .  .  The  andesite  is  for  the  most  part  glassy 
when  fresh,  though  asperites  are  also  found.  This  rock  consti- 
tuted the  greater  part  of  the  mass  of  St.  Helena,  and  covei's  large 
areas  to  the  north,  east  and  southeast  of  that  mountain.  The 
summit  of  Mt.  Cobb  is  also  andesitic.  Tuffaceous  forms  of  ande- 
site, asually  much  decomposed,  are  also  abundant,  especially  to 
the  south. '^ 
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Prom  the  above  statement,  and  his  petro^aphieal  descrip- 
tions, it  appears  that  his  asperites  correspond  to  the  St.  Helena 
rhyolite,  and  his  older  andesites  to  the  Mark  West  andesite  of 
the  present  writer,  while  his  andesitic  tiiflf  is  the  Sonoma  Tuff, 
which  is  extensively  developed  just  southwest  of  the  Oat  Hill 
Quicksilver  Mine. 

AGE  OP  THE  ABOVE  SERIES. 

In  the  excellent  section  near  Freestone  the  Sonoma  Tuff, 
containing  manne  shells,  is  resting  horizontally,  and  strictly  con- 
formably, upon  marine  sandstones  and  conp^lomerates  non-vol- 
canic in  their  nature  and  containing:  shells  referred  doubtfully 
by  Gabb  to  the  late  Miocene.  On  the  eastern  side  of  Santa  Rosa 
Valley,  however,  near  Mark  West  Creek,  some  700  feet  of  Mark 
West  andesite  occurs,  directly  underneath  and  conformable  with 
the  tuff,  while  to  the  south,  on  the  head-waters  of  Petaluma  Creek, 
this  andesite  may  be  seen  resting;  unconf  ormably  across  the  eroded 
edofes  of  nonvolcanic  sandstones  and  conglomerates  very  similar 
in  appearance  to  that  near  Freestone,  but  of  fresh-water  origin 
and  containing  a  typical  upper  San  Pablo  fossil,  Cyreiia  Cali- 
foniica.  In  these  latter  strata  also,  at  Lawlor's  Ranch,  horse- 
teeth  very  similar  to  those  of  the  Orindan  have  been  found, 
which  Dr.  Merriam  refers  tentatively  to  late  Miocene.  The  Mark 
West  andesite  ai)pears  therefore  to  certainly  be  post-San  Pablo, 
and  probably  post-Oiindan  in  age. 

At  Rodeo,  on  San  Pablo  Bay,  occurs  an  exposure  of  pumi- 
ceous  tuff  indistinguishable  in  appearance  from  that  described 
above  in  the  writer's  territory.  It  rests  conformably  upon  the 
typical  San  Pablo,  but  recently  Dr.  »!.  C.  Merriam  found  hoi'se- 
teeth  and  other  vertebrate  remains  in  it,  showing  it  to  be  not 
older  than  Pliocene.  Dr.  J.  W.  Gidlev  kindlv  examined  these 
horse-teeth,  and  reports  as  follows: 

''Number  2142  is  an  upper  molar  of  Protohippus. ' ' 

On  the  west  side  of  Santa  Kosa  Valley,  along  the  Russian 
River,  the  Stmoma  Tuff  lies  conformably  beneath  the  Wilson 
Ranch  Beds,  which  are  certainly  of  ^[erced  age,  probably  about 
the  horizon  represented  by  the  Capitol  a  section  and  the  base  of 
Seven  Mile  Beach  section.  The  Sonoma  Tuff  is,  therefore,  pretty 
certainly  of  lower  Merced  age. 
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Beyond  the  fact  that  the  St.  Helena  Rhyolite  followed  the 
Sonoma  Tuff,  the  age  of  which  is  pretty  well  established,  the 
writer  has  not  been  able  to  gain  much  evidence  as  to  its  age.  It 
has  not  been  observed  in  contact  with  the  Wilson  Ranch  Beds, 
but  is  probably  later  in  age,  as  the  latter  do  not  seem  to  carry 
any  pebbles  of  this  rock. 

Becker*  determined  the  lower  limit  of  the  age  of  this  rhyo- 
lite, which  he  called  *'asperite/'  by  the  fact  that  it  overlies  fresh- 
water beds  near  Clear  Lake,  called  by  him  the  Cache  Lake  Beds, 
and  referred  doubtfully  by  Marsh,  on  the  evidence  of  very  f rag- 
mental  vertebrate  remains,  to  the  late  Pliocene.  At  every  place 
where  seen  in  contact  with  the  tuff,  with  the  posvsible  exception 
of  one  locality  in  the  edge  of  the  foothills  east  of  Sonoma,  where 
the  rhyolite  may  be  lying  across  the  eroded  edges  of  the  tuff, 
it  appears  to  be  strictly  conformable  in  dip  with  the  underl^dng 
tuff.  These  dips  are  frequently  steep,  and  this  fact,  taken  in 
connection  with  the  topographical  consideration  that  deep,  wide 
valleys  such  as  those  of  Santa  Rosa,  Sonoma  and  Napa  have  been 
formed  subsequent  to  the  folding  of  the  rhyolite,  and  have  cut 
through  thousands  of  feet  of  it  and  deep  into  the  underlying 
formations,  makes  it  seem  unlikely  that  the  St.  Helena  rhyolite 
can  be  much  later  than  the  end  of  the  Pliocene  or,  at  most,  the 
very  early  Quaternary. 

THICKNESS. 

The  later  Pliocene  volcanic  and  sedimentary  formations 
form  a  series,  conformable  in  dip,  of  varying  thickness,  which 
is  shown  in  the  section  at  St.  Helena  to  be  at  lea*st  4,000  feet 
thick,  leaving  out  of  account  the  rhyolite  removed  by  erosion. 
In  Santa  Rasa  Valley,  to  the  west,  the  marine  sediments  and 
fluviatile  deposits  are  certainly  not  less  than  2,000  feet  thick, 
and  the  synclinal  structure  shown  in  Section  AB  at  Santa  Rosa 
Valley  points  to  their  being  fully  3,000  feet.  In  most  places  the 
series  is  gently  folded,  mantling  indifferently  over  the  older 
formations,  but  in  a  few  places  near  the  axis  of  the  range,  notably 
near  Franz  Valley,  the  axes  are  steep  and  the  folds  numerous. 
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CORRELATION  OP  THE  NEOCENE  STRATA. 

It  has  been  thought  advisable  to  discuss  in  some  detail  the 
correlation  of  the  various  strata  included  in  this  paper  between 
Monterey  and  Pleistocene. 

Stated  in  tabular  form  and  in  descending  order,  the  writer 
believes  the  Neocene  of  this  territory  to  be  made  up  as  follows : 


H 


St.  Helena  Rhyolite. 


Wilson  Ranch 
Beds 


West  of  Santa  Rosa 
Valley :  Sandstones  and 
a  small  proportion  of 
shales  and  fine  volcanic 
conglomerate,  marine 
fauna,  Area  trilineatay 
etc. 


( 


East  of  Santa  Rosa  Valley : 
Sandstones,  shales  and  a 
large  proportion  of  coarse 
volcanic  conglomerate.  No 

i  fossils.  Coarseness  of 
gravel  and  close  bedding 
indicating  fluviatile 
origin. 


Sonoma  Tuff 


West  of  Santa  Rosa 
Valley :  Interbedded 
with  rather  coarse  vol- 
canic conglomerate  and 
carrying  casts  of  ma- 
rine shells. 


\  Mark  West  Andes ite. 


East  side  Santa  Rosa 
Valley:  Interbedded  with 
heavy  volcanic  gravel  and 
fluviatile  in  origin. 

East  of  Mark  West  Creek 
Basin:  Interbedded  with 
heavy  volcanic  agglomer- 
ates and  largely  of  aeolian 
deposition. 


UyCOyFORMITT. 


Orindan  (?) 


Sedimeutaries  of  Peta- 
luma  Creek  and  Lig- 
iiitic  Beds  of  Lawlor's 
Ranch  and  Mark  West 
Creek. 


Sandstones,  shales  and 
non-volcanic  conglomer- 
ates. Fresh -water  fauna. 
Neohipparionj  etc.,  and 
CyrejM  caUfornica. 


\ 


Pre- Volcanic   Beds  of 


SANPABl,0(f)     ^Freestone,     Trenton, 
^   '     J  Pleasant    and     Capay 
V  Vallevs. 


San  Pablo 


r  Blue    Sandstone  (tuff) 
\  of  Carneros  Creek. 


Sandstones,  shales,  and 
non-volcanic  conglomer- 
ates. Marine  fauna  ; 
C lementia  m bdiaphana . 
Pecten  caurinus^  etc. 


Wlien  we  try  to  correlate  the  different  members  above  tabu- 
lated with  well  known  formations  in  other  localities  we  can  at 
once  refer  the  blue  sandstone  of  Carneros  Creek  to  the  typical 
San  Pablo  of  Kirker's  Pass  and  the  San  Pablo  Bay  sections. 
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Also,  we  can  safely  correlate  the  Wilson  Ranch  beds  with  the 
typical  Merced,  with  a  strong  probability,  from  the  abundance 
of  arcn  trilineata,  that  it  belong  to  about  the  horizon  repre-. 
sented  at  Capitola.  Becker's  Cache  Lake  beds  may  be  their 
fresh-water  equivalent. 

Now,  it  was  thought  in  the  beginning  of  this  work,  that  the 
verj"  characteristic  pumiceous  tuff  called  in  this  paper  the  So- 
noma Tuff  would  serve  as  a  datum-plane  to  connect  the  forma- 
tions encountered  with  those  of  Contra  Costa  County,  for  pumi- 
ceous tuff  is  extensively  developed  throughout  the  Mt.  Diablo 
region.  Unfortunately,  a  difficulty  has  arisen,  which  will  now 
be  discussed.  In  the  Contra  Costa  district  a  pumiceous  tuff 
identical  in  appearance  to  that  found  in  the  writer's  territory 
exists  at  the  base,  or  interbedded  near  the  base,  of  an  extensive 
fresh-water  deposit,  called  by  Lawson  the  Orindan,  and  described 
as  being  a  **  Thick  formation  of  pebbly  conglomerate,  feebly  co- 
herent sandstones,  thin  beds  of  volcanic  tuff  generally  decom- 
posed and  of  a  dark  brownish  color,  beds  of  blue  and  slate  col- 
ored clay  containing  fresh-water  ostracods,  sandstones  contain- 
ing ostracods  and  molluscs,  and  occasional  patches  of  lava  of 
quite  limited  extent  intercallated  (?)  with  sedimentary  beds. 
No  marine  organisms  have  been  found  in  any  part  of  the  beds." 

This  Orindan  formation  mantles  indifferently  over  the  blue 
San  Pablo,  the  Monterey  and  the  older  rocks,  but,  save  for  the 
pumiceous  tuff  near  its  base,  it  is  nonvolcanic  in  its  nature,  and 
precedes  all  the  lava  flows  of  the  Berkeley  Hills.  In  its  gravels 
certain  vertebrate  remains  have  been  found  by  Lawson,  Merriam 
and  Sinclair,  the  most  important  of  which  are  horse-teeth.  These 
were  referred  to  Dr.  Gidley,  who  reports  upon  them  as  follows: 

**  Number  1324  is  a  very  interesting  tooth  as  it  is  indistin- 
guishjible  from  Hipparion  richthofeni,  a  species  from  Eastern 
China.  It  is  possible  it  may  represent  a  species  of  true  Jlippa' 
rion.  Number  1323  is  an  upper  molar  of  a  smaller  species,  prob- 
ably Xeohipparion.'\  Hipparion  richthofeni  is  reported  from 
the  lower  Pliocene. 

The  above  evidence  points  to  these  gravels  being  of  late  Mio- 
cene or  early  Pliocene  age.  Certainly  they  are  later  than  the 
marine  blue  San  Pablo,  and  older  than  the  Merced.    At  Rodeo, 
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however,  is  a  syneline  of  pumiceoiis  tuflf  resting  conformably  on 
typical  San  Pablo  strata,  and  of  identical  appearance  to  that 
beneath  the  Orindan  gavels  at  Pinole  and  southward,  and  in 
this  tuff  Dr.  Merriam  recently  found  horse-teeth  of  more  recent 
type  than  those  from  the  Orindan  pravels.  He  thinks  that  they 
cannot  be  older  than  Pliocene.  No  gravels  occur  with  the  tuff 
fit  Rodeo. 

Proceeding  on  this  assumption,  therefore,  the  writer  corre- 
lates the  fresh-water  deposits  beneath  the  Mark  West  Andesite 
on  the  eastern  side  of  Santa  Rosa  Valley  with  the  Orindan. 

If  the  above  correlation  is  correct,  it  is  evident  that  the  gap 
between  San  Pablo  and  Merced  is  somewhat  bridged  over,  but 
the  writer  thinks  it  premature  to  attempt  at  this  time  any  cor- 
relation of  his  intervening  formations  with  those  of  the  Berkeley 
Hills,  such  as  the  Berkeleyan. 

QUATERNARY. 

It  was  not  found  possible  with  the  scale  used  to  adequately 
represent  the  Quaternary  deposits.  All  of  the  streams  of  the 
territory  under  discussion  show  terraces,  usually  covered  with 
flood-plain  deposits,  while  the  shores  of  the  bays  and  estuaries 
fre(|uoutly  show  wavo-eut  terraces  covered  with  gravels  and 
sands. 

TomaJc^  Bay  Deposits. — According  to  Anderson,  the  Pleisto- 
cene de|)()sits  in  the  vicinity  of  Tomales  Hay  consist  of  **  Coarse 
ark(>s<*  detritus  with  an  indistinct  horizontal  stratification.  They 
are  found  Lrenerally  in  the  larger  depressions  of  the  peninsula, 
and  range  in  elevation  from  500  feet  downward.  They  form  a 
series  of  low.  broad  hills,  extending  along  the  middle  of  the 
valley  near  Olenia.  and  occur  at  intervals  upon  both  shores  of 
Tomales  Bay,  forming  there  a  system  of  low,  bench-like  terraces 
below  200  feet  in  height.  West  of  the  main  ridge  they  are  found 
in  occasional  j)atches  around  the  flanks  of  the  hills  at  the  head 
of  Drake's  Estero  and  noi-tli  of  Abbott's  Lagoon.'' 

Bodefja  Bail  Deposits. — At  I^odega  Bay  similar  deposits  to 
those  mentioned  by  Anderson  occur  cm  both  sides  of  the  bay,  but 
only  in  small  patches,  most  of  them  having  been  removed  by 
erosi(m.    Near  Bodega  Point  on  the  bay  side  is  a  remnant  resting 
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upon  a  wave-cut  shelf  just  about  at  high-water  mark  and  extend- 
ing up  to  113  feet  above  the  same,  consisting  principally  of  dio- 
rite  sands,  and  occasional  pebbles  showing  very  indistinct  hori- 
zontal stratification  and  cross-bedding.  On  the  ocean  side  of 
the  peninsula  occasional  still  smaller  patches,  some  twenty  to 
thirty  feet  thick,  may  be  seen  resting  upon  a  very  evenly  worn 
diorite  surface,  which  at  a  point  about  three  miles  south  of  the 
mouth  of  Salmon  Creek  dips  gently  toward  the  north  and  passes 
under  the  beach  and  aeolian  sands.  On  the  eastern  side  of  the 
bay  is  a  broad,  flat  terrace,  about  one-quarter  of  a  mile  in  width 
and  some  seventy-five  to  ninety  feet  above  sea  level  at  its  back. 
In  most  places  only  a  thin  veneer  of  gravel  covers  this  terrace, 
but  at  one  point  on  shore,  at  the  north  end  of  the  bay,  a  remnant 
of  gravel  some  fifty  feet  thick  is  resting  upon  the  worn  Fran- 
ciscan surface,  which  is  here  only  some  twenty  feet  above  sea 
level.  It  is  made  up  chiefly  of  Franciscan  pebbles,  and  loosely 
coherent  sands  showing  cross-bedding.  It  has  been  somewhat 
distorted,  dipping  slightly  to  the  north. 

Flood  Plain  Deposits. — All  the  larger  valleys  of  this  portion 
of  the  Coast  Ranges,  such  as  Santa  Rosa,  Sonoma  and  Napa  Val- 
ley, and  the  great  Sacramento  Valley  itself,  show  extensive  flood- 
plain  deposits  extending  up  to  an  elevation  many  feet  above  the 
present  level  of  the  streams.  These  terraces  are  usually  covered 
with,  or  largely  made  up  of,  ill-assorted  heterogeneous  material, 
representing  all  the  rocks  of  the  immediate  neighborhood.  In 
the  ease  of  the  large  streams  like  the  Russian  River,  nearly  all 
the  rocks  of  the  whole  area  described  in  this  paper  are  repre- 
sented. Usually  the  stratification  is  very  irregular  and  indis- 
tinct, cross-bedding  being  eonmion.  Good  exposures  may  be  seen 
along  the  railroad  cuttings  at  many  places  in  Santa  Rosa  Valley. 
Here  the  material  is  usually  made  up  of  a  very  light  colored, 
almost  white,  incoherent,  silt-like  sand,  with  much  moderately 
fine  gravel  containing  a  great  variety  of  well  worn  pebbles,  con- 
sisting of  Franciscan  cherts,  quartz,  sandstones  and  intrusives, 
Knox\411e  sandstone,  and  a  large  proportion  of  Tertiary  volcan- 
ics,  conspicuous  among  which  is  a  white  rhyolite. 
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STRUCTURE. 

I'X)LDING  OP  THE  MERCED. 

It  may  be  concluded  that  the  folding  of  this  series  inaugu-  i 
rated  the  present  Coast  Ranpres,  and  probably  took  place  not   \ 
earlier  than  the  very  end  of  the  Pliocene.    Lawson's  work  on  the    ;! 
Peninsula  of  San  Francisco  shows  that  the  Merced  beds  to  the    i 
very  top  at  Seven  Mile  Beach  are  sharply  tilted,  while  resting    ' 
unconformably  upon  these  are  strata  of  undoubted  Pleistocene    j 
age.    This  would  seem  to  fix  the  uplift  that  disturbed  the  Merced   ? 
at  the  very  close  of  Pliocene  times.     Recent  work  by  Arnold*   . 
points  to  the  possibility  of  the  upper  portion  of  the  Merced  beds  - 
at  Seven  Mile  Beach  being  Pleistocene  in  age.     If  this  is  true,  I 
the  uplift  did  not  take  place  until  the  Quaternary  was  some* 
what  advanced.    In  the  present  writer's  field  the  St.  Helena  Rhy--^ 
olite  is  folded  with  the  sedimentaries  and  volcanics  beneath  it>  g 
and  the  upper  portion  of  these  sediments  contains  shells  of 
Merced  age.    Furthermore,  these  rhyolites  {''asperites'')  overlie 
the  Cache  Lake  beds  of  Becker,  which  Marsh  called  late  Plio- 
cene.    This,  again,  puts  the  date  of  the  uplift  not  earlier  than    ^ 
the  end  of  the  Pliocene. 

THE  ST.   HELENA  FAULT. 

Northwest  of  Calistoga,  on  the  western  flank  of  ^It.  St. 
Helena  is  an  important  fault.  The  shape  of  the  mountain  when 
viewed  from  the  south  suggests  a  fault  block.  The  straight  line 
of  the  top  sloping  gently  to  the  eastward,  and  the  precipitous 
descent  to  the  west,  have  all  the  appearance  of  a  tilted  block 
with  a  fault  escarpment.  A  trip  on  foot  from  the  summit  do\vn 
the  southwest  side  of  the  mountain,  along  the  divide  between 
Knight ^s  Valley  and  the  head  of  Napa  Valley,  demonstrated  to 
the  writer  a  condition  of  things  as  illustrated  in  Section  AB. 
The  throw  of  this  fault  must  be  at  least  2,500  feet. 

A(fe. — This  fault  probably  took  place  at  the  time  of  the  uplift 
which  folded  the  Merced,  since  it  ai)pears  to  have  been  respon- 
sible for  the  high  ridge  of  which  St.  Helena  and  Cobb  Moimtain 
are  the  culminating  peaks,  and  to  have  preceded  the  great  period 

*Tlie  Palaeontology  and  Stratigraphy  of  the  Marine  Pliocene  and  Pleis- 
tocene of  San  Pedro,  Cal.,  Memoir  Cal.  Acad,  of  Sciences,  Vol.  Ill,  p.  13. 
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of  erosion  which  resulted  in  the  formation  of  Napa  Valley,  and 
the  other  large  valleys,  of  a  similar  staj^e  of  topographical  matur- 
ity, Sonoma  and  Santa  Rosa.  Napa  Valley  seems  to  have  had  its 
inception  along  the  line  of  weakness  due  to  the  St.  Helena  fault. 
At  Calistoga  numerous  hot  springs  occur.  The  writer  does  not 
know  how  far  southward  this  fault  extends.  No  evidence  of  it 
was  found  in  Section  CD. 

S^VN  BRUNO  FAULT. 

At  Bodega  and  Point  R^yes  Peninsula  the  pre-Franciscan 
granitics  (diorite)  have  probably  been  brought  to  light  by  a 
great  fault  along  the  line  of  Bodega  and  Tomales  Bay,  seem- 
ingly the  northwest  extension  of  the  San  Bruno  fault  dis- 
cussed by  Lawson*  in  describing  the  geology  of  San  Francisco 
Peninsula.  Anderson  suggests  that  this  granite  block  during 
Tertiary  times  may  have  been  independent  in  its  oscillations 
from  the  mainland.  Certainly  Point  Reyes  Peninsula  was  be- 
neath the  waves  during  Monterey  times,  having  been  previously 
relieved  by  erosion  of  nearly  all  the  pre-granitic  sedimentaries 
and  Franciscan  which  may  have  covered  it,  since  Monterey 
shales  are  found  resting  on  the  worn  surface  of  the  granite.  On 
the  mainland,  however,  no  Monterey  is  found  nearer  than  the 
east  shore  of  San  Pablo  Bay.  The  Monterey  is  greatly  folded, 
occupying  a  synclinal  basin  in  the  granite,  and  the  latter  is  con- 
se^iuently  sheared  and  faulted. 

Evidence  of  Faulting  at  Bodega  Bay. — The  only  evidence  of 
faulting  the  writer  obtained  at  Bodega  Bay  was : 

1.  The  direction  and  shape  of  the  bay,  apparently  merely  a 
northerly  extension  of  the  peculiarly  long  and  narrow  Tomales 
Bav. 

2.  The  very  general  crushed  and  sheared  appearance  of  the 
Bodega  diorite,  and  numerous  minor  faults  shown  in  it  by  the 
pegmatite  dykes. 

3.  The  entire  absence  of  Franciscan  on  Bodega  Peninsula, 
and  of  diorite  on  the  east  side  of  the  bay. 

4.  The  general  westward  trend  of  the  Franciscan  strata  along 
the  east  shore,  pointing  across  the  bay  more  or  less  toward  the 
diorite,  as  if  abutting  upon  it. 

♦U.  S.  G.  S,  15th  Ann.  Rpt. 
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Age. — It  seenis  likely  that  this  fault  is  the  northward  exten- 
sion of  the  San  Bruno  fault,  which  Lawson  thinks  was  formed 
about  the  time  of  the  tilting  of  the  Merced. 

GEOMORPHOLOGY. 

Fix)m  the  summit  of  Mt.  St.  Helena  a  magnificent  view  is 
obtained  of  most  of  the  area  embraced  in  this  paper.  On  clear 
days  the  Sierras  may  be  seen  in  the  hazy  distance  beyond  the 
great  Sacramento  Valley,  while  to  the  west  steamers  may  be 
sighted  on  the  waters  of  the  Pacific.  To  the  North  Cobb  Moun- 
tain shuts  oflF  the  view,  but  southward  is  the  beautiful  Napa 
Valley  stretching  away  toward  San  Francisco  Bay,  with  Mt. 
Diablo  plainly  discernible  in  the  distance. 

The  Elevated  Coastal  Peneplain. — An  interesting  feature  is 
the  very  even,  almost  horizontal  crest  line  of  many  of  these 
ridges.  The  one  immediately  adjacent  to  the  coast  appears 
to  have  a  very  uniform  elevation  in  the  neighborhood  of 
800  feet  for  many  miles  south  of  the  Russian  River.  The 
break  where  the  latter  cuts  through  scarcely  makes  any  vis- 
ible impression  on  this  coast  line.  The  ridge  is  composed  entirely 
of  Franciscan  strata,  and  has  resisted  erosion  sufficiently  to 
retain  a  suggestion  of  its  old  topographic  form.  It  is  evidently 
an  old  elevated  and  dissected  peneplain. 

Wide,  Flat-hoitomcd  Valleys  of  Erosion. — One  of  the  most 
striking  peculiarities  of  the  topography  is  the  succession  of  par- 
allel ridges  extending  in  a  roughly  northwest  and  southeast  direc- 
tion. ;md  separated  by  wide,  flat-bottomed  valleys. 

Sijnelinal  Valleys  and  Snhsc(2ucnt  Drainage. — Between  this 
coastal  ridge  and  Mt.  St.  Helena  the  hills  are  lower  and  not  so 
even  in  erest-line,  being  composed  of  hard  lavas  alternating  with 
soft  tuft's  nnd  siindstones.  This  verv  fact  has  contributed  to 
the  rapid  maturing  of  the  topography,  causing  the  streauLS  to 
become  largely  subsequent  in  their  nature,  and  to  seek  out  the 
synclinal  and  widen  them  as  they  approached  base  level,  into 
large,  flat-bottomed  valleys,  such  as  Santa  Rosa  and  Sonoma, 
with  well  defined  terraces  up  to  350  feet  above  the  present  flood 
plain. 
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To  the  east  is  the  wide,  flat-bottomed  Berry essa  Valley,  which 
is  also  of  the  nature  of  a  subsequent  valley.  It  is  not  located  in 
a  syncline,  however,  being  along  a  contact  between  Knoxville 
shales  and  sandstones  dipping  to  the  northeast,  and  large  masses 
of  serpentine  and  Franciscan  rocks. 

The  Tertiary  volcanics  once  arched  over  this  district,  as 
shown  by  the  sections,  and  the  valley  may  have  started  in  a  syn- 
cline of  Tertiary  rocks  which  have  now  all  been  removed  by 
erosion.  Immediately  east  of  this  valley  is  a  very  high  ridge, 
the  crest  of  which  is  a  very  level  sharp  line  about  2,600  feet  above 
sea-level  for  many  miles  north  and  south.  This  ridge  owes  its 
even  crest  line  to  differential  erosion,  the  alternation  of  hard 
sandstone  and  limestone  with  soft  shale  in  the  Knoxville  series 
being  peculiarly  adapted  to  such  weathering. 

East  of  the  above  mentioned  high  ridge,  but  not  visible  from 
Mt.  St.  Helena,  are  the  subsequent  valleys  of  Capay  and  Pleas- 
ant. Here  again  the  streams  flow  along  a  contact  betw^een  com- 
paratively hard  rocks  and  later  softer  ones,  the  Tertiary  gravels 
and  soft  sandstones  overlying  the  Knoxville  along  this  line. 

Marine  Terraces. — Anderson  states  that  at  Point  Reyes  Penin- 
sula well  defined  wave-cut  terraces  occur  up  to  300  feet  above 
sea-level.  In  the  portion  of  the  coast  with  which  the  writer  is 
most  familiar,  namely,  the  vicinity  of  Bodega  Bay,  the  only  well 
defined  shelf  is  lower  than  this.  On  the  eastern  side  of  the  bay 
and  northward  toward  the  Russian  River  is  a  wide  wave-cut 
shelf  of  an  average  width  of  about  one-quarter  of  a  mile  and  an 
elevation  at  its  front  edge  of  from  twenty-five  to  thirty-five 
feet  above  sea-level.  This  slopes  gently  upward  toward  the  hills, 
and  at  its  back  are  frequently  seen  residual  stacks  and  talus 
from  the  old  sea-cliff.  A  thin  veneer  of  gravel  occurs  in  places 
up  to  eighty  or  a  hundred  feet  above  sea-level.  On  the  west 
shore  of  Bodega  Bay,  as  already  mentioned  under  Pleistocene 
deposits,  is  a  distinct  shelf  cut  in  the  diorite  just  about  at  high- 
water  mark.  It  is  about  300  yards  wide,  and  covered  with  gravel 
and  sand  to  a  depth  of  113  feet.  The  difference  in  the  height  of 
this  terrace  on  the  two  sides  of  the  bay  may  perhaps  be  due  to 
^comparatively  recent  movement  along  the  Tomales  Fault. 

No  well  defined  terraces  were  observed  at  Bodega  Bay  above 
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the  ones  described.  But  the  crest-line  of  the  coastal  ridge  for  a 
considerable  distance  north  and  south  Ls  verv  nearly  horizontal, 
and  at  an  elevation  of  about  750  to  800  feet  above  sea-level. 
FVom  a  point  on  the  upper  road  from  Bodega  Bay  to  the  town  of 
f^Kle^a,  where  it  passes  over  the  sununit,  the  writer  found  nn- 
inerous  pholas-borinps  in  lar^  Franciscan  boulders  which  may 
he  residual  stacks.  At  another  place,  about  midway  on  the  road 
f>etwecn  Freestone  and  Occidental,  and  at  nearly  the  same  eleva- 
tion, as  determined  roughly  by  aneroid,  pholas-borings  were 
also  obser\'ed. 

Faidt  Orifjin  of  Mt.  St.  Helena. — Mt.  St.  Helena  owes  its 
height  mainly  to  a  great  fault,  previously  described,  which  has 
elevated  it  at  least  2,500  feet  higher  than  the  corresponding  Hows 
of  lava  on  the  west  side  of  Napa  Valley.  There  is  no  evidence 
of  its  ever  having  been  a  volcano.  No  crater,  or  residual  neck,  or 
heterogeneity  of  materials  is  present.  On  the  contrarj*.  it  is  made 
up  of  even,  well  defined  flows  of  lava,  which  frequently  show 
evid(me(»  in  columnar  structure  of  having  cooled  as  surface  flows. 
Mt.  Cobb  appears  to  be  simply  another  point  on  this  high  ridge, 
though  the  writer  has  no  personal  knowledge  of  it. 

A  ?H*«rly  straight  linr  through  Cobb  Mountain  and  St.  Helena 
Hoiitliwanl  would  follow  the  high  ridge  east  of  Napa  Valley, 
crossing  the  \y,\y  nnir  the  Straits  of  Carquines,  passing  south 
throntrh  Mt.  Dinhlo,  nnd,  if  continued  farther  south,  would  pass 
thr-oiii/h  Mt.  Ihuniltou.  This  line  is  evidently  the  axis  of  the 
\\ui\*^'\  Nil  pa  Valley  has  been  det(*rniined  partly  by  the  St. 
Helena  Fault,  atid  parti v  hv  its  synclinal  nature  toward  the 
south. 

Urcriit  Suhnu  r(trn(( . — The  recent  subsidence  which  has 
alTcctcd  this  region  is  well  illustrated  at  the  mouths  of  all  of  the 
streams  llowiiig  into  the  ocean  and  the  bay.  Russian  River, 
Salrii(»n  Creek,  tlie  KstcF'os  Americano  and  San  Antonio,  and 
Drake's  Hay  at  their  mouths  are  wide,  fiord-like  bodies  of  water 
with  veiy  preci|>itous  shores,  while  the  streams  such  as  Petaluma 
Creek  atid  Na|)a  Civek  are  mere  sloughs  in  their  lower  limits, 
meanderinji:  throu^di  broad,  lh»t  tule  land  bordered  by  steep  hill- 
sides. That  they  !'e]>resent  a  submerged  area  is  apparent  to  the 
casual    glance.     CeHain   eyidenee  exists  to  show  that   the   sub- 
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mergence  is  going  on  at  the  present  time  in  the  vicinity  of  San 
Francisco  Bay.  In  recent  excavations  made  at  Shell  Mound 
Park,  between  Berkeley  and  Oakland,  it  was  found  that  the  base 
of  the  shell  beds  are  now  four  feet  below  the  ordinary  high-tide 
mark.  Since  it  is  evident  that  the  mound  is  a  **  kitchen-midden/ ' 
and  therefore  built  on  the  land,  this  fact  proves  that  there  has 
been  in  verj^  recent  times  a  subsidence  of  at  least  four  feet. 

Geomorphic  Cycle. — The  topography  of  this  section  then  may 
be  placed  at  a  somewhat  advanced  stage  in  the  geomorphic  cycle, 
and,  since  this  cycle  must  have  been  inaugurated  not  earlier  than 
the  beginning  of  the  Pleistocene,  the  observer  is  immediately 
impressed  with  the  enormous  amount  of  erosion  which  has  taken 
place,  and  the  vast  space  of  time  represented  by  this  the  most 
recent  period  of  geological  history. 

HISTORICAL  RESUME. 

After  the  intrusion  of  the  pre-Franciscan  strata  by  the 
granitics,  a  great  period  of  erosion  occurred,  as  shown  by  the 
great  unconformity  existing  between  Franciscan  and  the  older 
rocks. 

Upon  this  old,  well  worn  surface  the  Franciscan  series  was 
laid  down,  the  variety  of  the  sediments  giving  evidence  of  fre- 
quent oscillations  during  their  deposition,  while  the  sharp  fold- 
ing and  faulting  that  has  taken  place,  and  the  volcanic  intrusions, 
attest  the  immense  amount  of  movement  subsequent  to  their 
deposition. 

During  Shasta-Chieo  times  probably  the  whole  of  this  area 
was  deep  under  the  sea  and  the  Sierras  were  undergoing  erosion, 
for  lying  unconformably  upon  the  Franciscan,  as  well  shown 
in  many  places  outside  of  this  field,  and  suggested  by  the  heavy 
chert  conglomerate  of  Capay  Valley,  is  a  vast  acciuuulation  of 
thin-bedded  shales  and  sandstones  in  monotonous  rhymical  suc- 
cession, indicating  deep-water  deposition  under  certain  peculiar, 
and  as  yet  unexplained,  conditions.  At  the  most  conservative 
estimate  the  Shasta-Chico  strata  in  this  territory  have  a  thick- 
ness of  five  miles,  and  they  are  probably  considerably  thicker 
than  this.  The  writer  has  no  palaeontological  evidence  as  to 
whether  or  not  they  include  the  Chico.    Certainly  no  heavy  beds 
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of  coiiprlomerate  were  observed  between  the  two,  as  seen  on  Yiilen 
Creek  in  Shasta  County,  and  at  Berkeley. 

Very  little  Eocene  strata  were  recognized  in  this  field, 
althouprh  they  may  exist  in  the  lower  foothills  along  the  w^est 
side  of  the  Sacramento  Valley  beneath  the  late  Tertiary'  sedi- 
mentaries.  The  greater  part  of  the  territory'  to  the  west  was 
pn)bably  underoing  erosion  during  this  period. 

The  present  ahnost  entire  absence  of  Monterey  in  this  large 
field,  when  it  is  known  to  be  developed  so  extensively  farther 
south,  does  not  necessarily  mean  that  the  ^fonterey  sea  was  con- 
fined to  Point  Reyes  Peninsula,  but  the  occurrence  of  San  Pablo 
strata  so  near  by,  resting  upon  a  very  uneven  Franciscan  sur- 
face free  from  Monterey,  points  to  the  region  ha\4ng  been  diy 
hind  during  Monterey  times. 

In  spite  of  the  enormous  length  of  this  erosion  inter\''al,  from 
Eocene  to  the  end  of  the  San  Pablo,  the  Franciscan  does  not  ap- 
pear to  have  reached  the  stage  of  a  peneplain,  and  it  is  not  until 
the  end  of  the  Pliocene  that  we  find  it  reduced  to  that  form. 

The  San  Pablo  strata  are  nowhere  in  contact  wuth  the  known 
Monterey,  so  that  the  I'clations  between  the  two  are  not  clear 
in  this  field,  it  being  impossible  to  tell  whether  there  was  an  ele- 
vati<m  of  the  I'egion  duriug  the  time  between  their  depositon 
and  that  of  the  Monterey,  or  whether  (Continuous  sedimentation 
went  on. 

The  blue  San  Pablo  sandstone  (tutf)  at  Canieros  Creek  indi- 
cates that  the  andesitie  detritus  reached  at  least  as  far  north 
as  the  southern  portion  of  this  area.  The  sandstones  and  gravels 
of  supposed  Orindan  age  in  Petaluma  Valley,  containing  lignite 
beds  and  horse-teeth,  indicate  that  lakes  existed  here  during  late 
^Miocene  or  earlv  Pliocene  times. 

Between  the  supposed  Orindan  and  the  Mark  West  Andesite 
tlh^re  is  a  glaring  unconformity.  Hence  it  is  probable  that  be- 
t\v(^en  tlu*  Orindan  and  the  ^Men^ed  there  was  an  erosion  interval 
followed  by  a  gradual  subsidence  of  the  land,  the  sea  encroach- 
ing from  the  west  toward  the  ea.st  on  the  area  now  roughly  repre- 
sented by  Santa  Rosa  and  Petaluma  Valleys.  Seemingly  part 
of  the  San  Pablo  beds  to  the  west  remained  under  water  during 
the  elevation  of  those  farther  east,  for  along  the  Estero  San  Anto- 
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nio  and  at  Freestone  they  lie  nearly  horizontal  and  confonn  in 
dip  with  the  Sonoma  Tuff.  Just  prior  to  the  Merced  period 
extensive  volcanic  disturbances  took  place,  probably  havinej  their 
center  somewhere  northeast  of  Santa  Eosa  Valley.  Among  the 
reasons  for  this  belief  as  to  the  locality  of  the  center  of  disturb- 
ance are  the  position  of  the  overturned  redwoods  of  the  Petrified 
Forest,  with  their  roots  pointed  to  the  northeast,  and  the  great 
thickness  of  the  tuffs  and  lava  flows  in  their  vicinity. 

The  volcanic  disturbance  w^as  very  great,  and  continued 
throughout  the  whole  of  the  Merced.  The  first  outflows  con- 
sisted of  pyroxene-andesite,  which  in  the  neighborhood  of  Mt. 
St.  Helena  aggregates  a  thickness  of  about  1,500  feet.  Follow^- 
ing  this  came  a  great  outthrow  of  andesitic  pumice  and  lapilli, 
with  occasional  thin  flows  of  basalt,  which  spread  over  the 
country-  to  a  maximum  depth  of  nearly  2,000  feet,  and  were  car- 
ried down  the  streams  into  the  lakes  and  seas,  fonning  beds  of 
tuff  and  conglomerate  from  ten  to  two  hundred  feet  thick. 

While  the  volcanoes  were  throwing  out  this  vast  amount  of 
ashes  and  fragmental  material,  deposits,  other  than  the  tuff,  were 
forming  in  the  seas  and  lakes,  particularly  in  the  region  to  the 
west.  Buff  colored  sandstone,  and  fine  conglomerate  wnth 
numerous  volcanic  pebbles  similar  to  those  of  the  tuff,  were 
deposited  in  the  region  of  Santa  Rosa  Valley  to  the  depth  of 
between  2,000  and  3,000  feet.  In  the  upper  part  of  these  beds 
(Wilson  Eanch  Beds)  fossils  of  Merced  age  were  preserved. 
Lakes  of  great  size  probably  existed,  since  the  relation  of  the 
upper  lava  flows,  the  St.  Helena  Rhyolite,  to  Becker's  Cache 
Lake  Beds,  and  the  correlation  of  the  latter  by  Marsh  with  the 
late  Pliocene,  point  to  a  large  Merced  lake  in  that  neighborhood. 

While  the  sediments  were  depositing  in  the  seas  and  lakes, 
large  rivers  were  forming  deltas  with  coarse  gravels  to  great 
depths,  thus  showing  that  a  gradual  subsidence  was  taking  place. 
A  good  illustration  of  this  may  be  seen  between  Mark  West 
Springs  and  Santa  Rosa  Valley,  where  at  least  2,000  feet  of 
coarse  gravel  has  accumulated.  The  history-  of  this  old  delta 
bears  a  striking  similarity  to  that  of  the  Santa  Clara-San  Benito 
Valley.* 

*The  Post-Pliocene  Diastrophism  of  the  Coast  of  Southern  California. 
Lawson.    Bull.  Dep.  Geol.,  Univ.  of  Cal.,  Vol.  1,  No.  4,  p.  151. 
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During  the  gradual  subsidence  thus  indicated,  the  sea  prob- 
ably encroached  on  the  land  from  the  west  at  Santa  Rosa  Valley 
to  form  marine  deposits. 

So  far  as  the  writer  s  personal  observation  goes,  the  last  flow 
of  lava  in  this  area  was  the  St,  Helena  Rhyolite,  which  in  the 
vicinitv  of  Mt.  St.  Helena  has  a  thickness  of  at  least  2,000  feet. 
This  flow  seems  to  have  occurred  at  the  end  of  the  Merced,  since 
it  everywhere  overlies  the  Sonoma  Tuff  and  the  Cache  Lake  Beds, 
and  no  pebbles  of  it  are  found  in  the  Wilson  Ranch  Beds.  Since 
it  is  folded  confonnably  with  the  Sonoma  Tuff,  and  hence  pre- 
ceded the  uplift  and  the  jrreat  period  of  erosion  which  followed, 
it  is  probably  not  later  than  the  very  latest  Merced.  Becker* 
states  that  a  later  flow  of  basalt  took  place  to  the  north,  in  the 
Clear  Lake  re^on. 

The  ?reat  uplift  which  raised  and  folded  all  the  Merced 
strata  is  supp>osed  by  Lawsonf  to  have  taken  place  just  at  the 
beginning  of  the  Pleistocene.  More  recent  work  by  AmoldJ  on 
the  upper  portion  of  the  Merced,  at  Seven  Mile  Beach,  points  to 
its  somewhat  later  age.  The  fact  that  the  St.  Helena  Rhyolite, 
fully  2,000  feet  thick  in  places,  rests  conformably  upon  the  Mer- 
ced sedinientaries,  and  is  folded  with  them,  would  seem  to  sug- 
gest this  view,  if  we  could  be  sure  that  the  Wilson  Ranch  Beds 
represent  the  whole  of  the  ^^ereed,  but  at  present  the  palaeon- 
toloL'icnl  evidenee  is  not  stivng  enousrh  to  settle  this  poiut. 

At  Wilson's  Kaneh  ana  tnlinrala  is  verv  eonimon,  and  Ash- 
ley  states  that  these  lartie  areas  are  eomnion  toward  the  base  of 
the  Mereed.  but  disappear  before  the  top  is  reached.  Hence  the 
Wilson  Kaneh  Beds  may  represent  only  the  lower  part  of  the 
Seven  Mile  Beaeh  Beds. 

Probaby  during  the  time  of  this  foldin*:  the  St.  Helena  fault 
oeeurred.  by  which  the  strata  were  displaced  nearly  3.000  feet, 
and  the  high  ridi:e  formed  of  which  Mt.  St.  Helena  and  Cobb 
Mountain  ai-e  the  cnlininatinir  points.  Probably  about  the  same 
time  the  San  Bruno  Fault  on  San  Francisco  Peninsula,  and 
its  noi-thern  extension,  the  Tomales  Fault,  occurred,  although. 


-Moil.  XllI,  L'.  8.  G.  8.,  \>]K  l.")7  and  223. 

tprist  Pliocene  Diastrojihisni  of  the  Coast  of  Stnitheru  California.     Bull. 
Dept.  (icol.,  Univ.  Cal..  Vol.  1,  Xo.  4,  j»,  157. 
^.Memoirs  Aca«l.  of  Si-ienecs,  Vol.  Ill,  p.  13. 
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as  sujjgested  by  Anderson,  there  may  have  been  oscillations  along 
this  line  in  early  Tertiar>'  times. 

After  the  folding  an  uplift  occurred  which  was  not  contin- 
uous, but  was  marked  by  periods  of  rest,  and  possibly  of  reversal 
of  motion,  since  along  the  coast  these  stoppages  are  recorded  by 
wide,  wave-cut  terraces.  The  coast  line  of  this  section  is  made 
up  almost  entirely  of  Franciscan  rocks,  which  do  not  resist  ero- 
sion well  enough  to  preserve  the  terraces  higher  than  about  300 
feet,  the  elevation  of  those  at  Point  Reyes.  The  coastal  ridge 
between  the  writer's  two  sections  has  a  very  even  crest-line  at 
almut  800  feet  above  sea-level,  and  on  this  be  has  foinid  pholas- 
borings  at  two  places.  To  the  north,  however,  Lawsim*  states  that 
a  well  defined  wave-cut  shelf  exists  at  1,520  feet,  with  many 
othei's  at  lower  elevations. 

While  this  gradual  elevation  was  taking  place  the  streams 
were  dissecting  and  wearing  down  the  rising  land,  and  the  im- 
mense amount  of  erosion  which  has  taken  place  since  the  inaugu- 
ration of  the  post-Pliocene  uplift  is  a  measure  of  the  vast  length 
of  time  represented  by  the  Pleistocene.  The  geomorphic  cycle 
which  had  its  beginning  in  the  post- Pliocene  times  has  already 
roach(»d  a  stage  of  early  maturity. 

Following  this  elevation,  and  pcKssibly  only  one  of  the  retn>- 
grade  steps  in  the  general  elevation  of  the  coast,  came  the  most 
recent  submergence  of  the  region,  as  c\idenced  by  the  flooding 
of  the  lower  valleys  of  the  streams  and  the  formation  of  fiord- 
like estuaries  at  Russian  River,  Drake's  Bay,  Estero  Americano, 
and  San  Antimio.  Tomales  Bay,  and  the  great  San  Francisco 
Bay  itself,  with  its  estuaries  such  as  Petaluma  Slough  and  Napa 
River. 

Evidence  exi.sts  in  submerged  '* Kitchen-middens''  to  show 
that  this  submergence  is  still  going  on  at  a  rate  which  may  be 
measured  in  terms  of  inches  and  hundreds  of  years. 

•Gfomorphojjeny  of  the  Coast  of  Northern  California.    Bull.  Dept.  (leol., 
Uuiv.  i.f  Cal.,  Vol.  I,  No.  5. 
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INTRODI'CTIOX. 

Amonjr  the  most  cliaractoristic  fossils  of  the  California  Neo- 
cene the  areas  have  an  inipoHant  phiee.  They  are  widely  dis- 
tributed, both  honzontally  and  vertically,  in  the  treolojrieal  sec- 
tion. They  seem  to  have  been  present  in  all  pails  of  the  rejrion 
and  nt  all  depths  in  the  water.  The  species,  bei njr  jrenerally 
short  ]ived.  are  especially  useful  for  air'*  determinations.  Unfor- 
tunately the  species  have  not  been  well  defined  or  fijrured,  and 
some  of  the  most  characteristic  ones  have  not  been  described.  In 
the  followinjr  pa[)er  the  \\riter  has  p?*esented  a  comparison  of 
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the  described  species,  and  a  description  of  the  fomis  recogmized 
by  him,  together  with  memoranda  of  their  occurrence  and  the 
associated  fauna. 

In  this  work  the  writer  has  had  access  to  the  collections  of 
the  University  of  California,  Stanford  University,  the  California 
Academy  of  Sciences,  and  the  California  State  Mining  Bureau. 

ARCA  MICRODONTA,  C'OUrad. 

Plate  8. 

Area  microdonta.    Conrad,  1853-4.    Pac.  JR.  B.  Reps.,  Vol.  V,  p.  323, 
PL  III,  fig.  29. 

Description. — This  species  was  originally  described  by  Conrad 
as  follows:  **Rhomboidal,  ventricose,  thick  in  substance,  anterior 
side  very  short,  umbonal  slope  rounded.  Ribs  25,  prominent, 
narrow,  wider  posteriorly  except  on  posterior  slope,  where  they 
are  small,  and  not  prominent,  about  five  in  number.  Cardinal 
teeth  small,  numerous,  closely  arranged,  margin  profoundly 
dentate,  dorsal  area  rather  wide  and  marked  with  about  six  im- 
pressed lines,  beaks  distant. '  * 

The  variations  in  this  form,  as  shown  in  figs,  la  to  36,  is  con- 
siderable, and  was  at  first  thought  to  be  of  specific  value.  The 
sp<»einien  shown  in  figs.  2,  2a,  and  2h  was,  however,  found  to 
])rid^e  over  the  differences  and  lie  near  Conrad's  type.  It  was  ae- 
(*()rdin<:ly  fijrured  as  the  best  representative  of  the  type,  along  with 
outline  representations  of  other  forms  in  figs.  Irt,  1?;.  3a,  and  Sb 
for  comparison.  The  speeinien  shown  in  figs.  3a  and  36  is  rather 
small,  measuring  45x33  mm.  It  is  more  ventricose  and  more  ine- 
(luilatoral  than  A.  friliueatn.  It  has  27  somewhat  beveled  ribs, 
showing  no  sign  of  a  median  groove.  The  shell  is  wide  and  heavy, 
witli  lii^^h  beaks  separated  by  a  ])rofound  ligament  area.  Tlie 
postei'ior  end  is  notieeably  concave  as  far  forward  as  the  fifth  or 
sixth  rib,  as  shown  in  Conrad's  figure. 

The  individual  represented  in  figs,  la  and  lb  is  very  inequilat- 
eral, extremely  ventricose.  with  beaks  very  heavy  and  high,  and 
the  liirament  area  fiaring  joid  enormously  developed,  making  the 
thickness  of  the  closed  shell  fully  as  great  as  its  height.  The 
hiiiyc  line  is  relatively  short,  the  beaks  strongly  incurved, 
though  veiy  distant,  and  placed  so  close  to  the  anterior  end  as 
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to  make  this  portion  of  the  shell  appej^r  almost  flat.  The  poste- 
rior end  is  pointed,  and  that  portion  near  the  hinpe  concave. 
The  basal  margin  is  nearly  straight,  and  parallel  to  the  hinge 
line.  The  ribs  number  25  or  26,  and  are  narrow  and  without 
grooves.    The  growth  lines  tend  to  produce  a  beaded  eflfect. 

The  specimen  displayed  in  figs.  2,  2a  and  26  appears  to 
bridge  over  the  differences  between  those  of  figs.  1  and  3.  It  has 
26  ribs. 

Occurrence  and  Associated  Fauna. — The  specimen  shown  in 
figs.  3a  and  36  is  labelled  Santa  Monica.  In  the  Geology  of  Cali- 
fornia Whitney  states  that  the  fossiliferous  sandstones  of  Santa 
Monica  have  yielded  the  following  fauna : 

Neverita  reclmiana  Desh.  Cerithidva  ttacrata  Ci)r. 

Turritella  ocoyaiia  Conr.  Cardita  nuhtenta  Conr. 

Trochita  costellata  Conr.  Mytihis  edulis  Linn. 

Turritella  ocoyana  alone  shows  this  horizon  to  be  lower  Mio- 
cene. • 

The  specimen  shown  in  figs,  la  and  16  was  collected  by  Eld- 
ridge  from  a  limestone  series  below  the  silicious  shales  of  the  Dev- 
il's  Den  region,  in  Kern  County.    Here  were  also  found: 

Astrodapsis  tumidus  R^m.  or  possi-     Vecten  sp..  very  large. 

blj  Clypeaster  brewcrianug  Rem.     Oftfrra  sp. 
Pecten  pabloensis  C'onr. 

The  form  shown  in  figs.  2,  2a  and  26  is  from  an  unknown 
locality. 

^4.  microdouta  seems  to  be  a  very  variable,  and  is,  so  far  as 
known,  confined  to  the  Miocene. 

ARCA  TRiLiNEATA  Conrad. 

Plato  9,  Figs.  4— 4f. 

Awa    trilineata  Conrad.      I'ae.    R.    R.   Reps.,    lS.">4-."»,    Vol.    VI,   p.   70, 

1^1.  II.  fig.  9. 
Area  Mulcicosta  Gabb.  Pal-icontology  Cal..  Vol..  II,  p.  31,  }*[.  9,  fig.  .53. 
Area  schizotoma  I)all.     Trans.  Wag.  Fr.  Inst.,  Vol.  3,  Pt.  4,  j».  H.")9. 

Drscription. — Conrad's  description  is  as  follows:  *' Trape- 
zoidal, stmiewhat  produced,  inequilateral,  vciitricose,  ribs  22-24, 
scarcely  prominent,  square,  wider  than  the  intervening  spaces, 
ornamented  with  three  impressed  or  four  raised  lines:  disk  con- 
centrically wrinkled:  summits  prominent:  beaks  approximate. 
I>ength  3  inches. 
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(!i»h]i  guvi>  the  followiiiL;  dcHcriptiiin :  "Shi'll  thin,  bnmd: 
beaks  prominent,  incurved,  approximate,  slightly  twisted  ante- 
riorly :  hinjte  line  short ;  ends  and  hast'  prett.v  re^ulariy  rounded, 
posterior  basal  portion  a  little  the  most  prominent;  area  verj- 
narrow,  Nliuhtly  sunken,  i^iirfni^e  marked  by  about  25  prominent 
s<|uure  ribs,  with  Mat.  e<[ual  inttirspapes;  thttic  HIm  are  each 
marked  by  a  more  or  lean  distinct  median  tn-oove.  and  (.■niased  by 
pretty  strong  eoneentric  lines  of  growth,  breaking  up  Ihi*  sHrfacr 
into  a  beautiful  beading.  Hinge  straight,  eomposed  of  numerous 
fine  teeth,  very  small  and  irregular  in  th*  middle,  longi-r  and 
slightly  oblique  l*»ward  the  euds." 

This  shell  is  ordinarily  elliptical  to  (]iiadrate  in  form  and 
inequilateral.  The  ratio  of  length  to  height  is  aliout  IVi  !<•  1- 
Thi-  size  of  average  adultji  is  about  77x6;i  mm.  The  beaks  nrv 
prominent,  close  together,  wide,  centrally  located,  and  strongly 
incurved  over  a  ligament  area  which  though  wide  is  not  flaring 
The  elevation  of  the  ligament  area  and  width  of  the  beaks  makes 
the  up|)er  margin  appear  Nlmngly  nmndcd. 

There  are  '2Tt-'21  nhn.  These  are  flattened,  considerably  wider 
than  the  interapactw  and  marked  by  a  verj-  distincl  pinli«» 
groove,  to  which  are  added  (owani  the  margin  in  old  individuala, 
two  Rnltaiduary  grooves,  and  later  in  the  largest  spectmena  Ul 
additional  jiair.  In  th<-se  hitler  the  ribs  toward  the 
often  wveral  tinicK  as  wide  as  the  inter^'ening  spaces.  ('raMUMg 
the  ribs  aiv  uumcrtms  ciosi-ly  arranged  lines,  thving  the  Hhell  a 
l>ennliful  beadetl  effect,  espet-ially  well  shown  in  yountter  indi- 
viduals. 

This  Niiwies  l>«'ome8  very  large,  atane  iuilividtials  Imns 
obat'r\'ed  114x76  mm.  The  smaller  individuals  showing  the 
heavily  iH'aded  rilw  have  gerM-raiiy  Im-cu  considered  as  (iabb's  _l. 
suli-iiiista,  the  larger  iH'ing  n'rern-d  lo  Oinrad's  .1.  Iriliimila. 
A  nnmber  of  fine  spM>iii>ma  fmm  Capilola,  and  also  a  good  suite 
fmni  Ruaaian  River,  iduiw  the  apparent  specific  ditTerenem  to  be 
merely  those  of  age. 

Oriurrmii  itiid  .U»i>riatfil  /"(IHimi.— Conrad  gives  Santa  Bar- 
bara as  the  type  locality  for  A.  trilintata,  and  liata  the  following 
fauna  fmm  thai  placi-: 
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Mulinia  densata  Conr.  Pandora  bilirata  Conr. 

Area  trilitieata  Conr.  Cardita  orcidentalis  Conr. 

Area  canalis  Conr.  Diodora  rrucibulefornns  Conr. 
Janira  bella  Conr. 

Gabb  states  that  .1.  sulcicosta  is  found  at  Santa  Barbara, 
Santa  Rosa,  Valley  of  Russian  River.  Half  !Moon  Bay,  Capitola. 
Foxins  (Griswold's  ?),  San  Fernando.  He  calls  the  above  forma- 
tion Pliocene  and  lists  the  following  fauna : 

SANTA    BARBAICA    (Gubb). 

Xepfuncti  tobulata  Bainl.  Macoma  ('^iuU^(  Xiittl. 

Luuatia  Jewesii  Old.  Caryatis  barbarensin  (iabb. 

Crepidula  f/randis  Miibl.  Tapen  ienvrrima  Cpr. 

Srhizothaerus  nuftaUi  Conr.  iSaxidomHs  ffracUis  (}h\. 

Liitricola  alta  Cj)r.  Cardita  ventricoMi  Cild. 

SANTA  KOSA  (Gabb). 

ynnsa  foitftata  (jI<1.  Chione  succinta  Val. 

Crfpidulu  prinapa  Conr.  Tapes  staminea  Conr. 

MMliola  reeta  Conr.  Lueina  borealiM  Linn. 

Maehaera  patula  Cpr.  Solei\   rosaeeua  Cjir. 

Cryptomya  ealiforniea  Conr.  Axinea  patida  (.'onr. 

Maeoma  nas^tta  <'onr.  Area  suleieo.sta  (iabb. 

SAN    FEKXANDO    (Gabb). 

Lueina  riehfhofeni  GabV).  Conns  eatifornieus  Hindis. 

Lneini  borealis  Linn.  Caneellaria  altispira  Gabb. 

Xeptunea  tabulata  Bainl.  Tritoviuni   eonpiri. 

Stptunea  humerosa  Gabb.  Crepidula  ffrandis  Midd. 

Xassa  fossata  Cild.  Crepidula  dorsata  Brod. 

S'assa  perpenguis  lids.  Calliosioma  eostata  Mark. 

Purpura  saxwola   Val.  Aemaea  rudis  (iabb, 

Luuatia    riehfhofeni.  Bulla   nebulosa  (ild. 

Lunatia  lewi.'tii  Gld.  Solm    rosaeeus  ('j)r. 

Xeverita  reeluziana  Dcsh.  Siliqmt   edulata  (iabb, 
Sinum  planieostuni  Gabb. 

At  Wilson's  Ranch,  Russian  River,  near  Mark  West  Creek, 
the  writer  has  collected  the  followinir: 

Tapes  staleifi  Gabb.  Area  trilimatd  Conr. 

Maeoma  nasuta  Conr.  Xassa   perpenguis  lids. 

Standella  sp.  Cardium  enrbis  Martyn. 

Si-hizotluierus  nuttalli  Conr.  Crepidula  ffrandis   (  ?)    Mi<ld, 

Xatiea  elausa  Brod.  and  Sby.  Purpura  stixienla   Val. 

Xatica  leuisii  (Jld.  Solen  sp. 

Olivella  biplieata  Shy.  Pleurotoma  8]», 
Xfptunea  tabulata  Baird. 
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In  Ashley's  paper  on  the  *' Neocene  of  the  Santa  Cniz  Moun- 
tains,'' he  jrives  the  following  fauna  for  presumably  the  same 
!)eds  as  those  (Jabh  refers  to  at  San  Fernando,  though  he  men- 
tions no  arenas.   He  calls  it  Merced,  transitional  in  the  lower  part : 

Amujfium  caurinum  Old.  SoMsa  ealiforniana  Conr. 

Cancellaria  cf.  rctiuta  Gabb.  Ostrea  veatchii  Gabb. 

Calif ptraea  filosa  Gabb.  Septunea  humerosa  Gabb. 

Cardium  meekianum  Gabb.  Pachypoma  gibberosum  Chem. 

Chione  /fimitUma  Sby.  Liropecten  estrellamut  Codf. 

CrepiduUi  rof/osa  Xuttl.  Pisania  fortis  Carpt. 

Dentalium  hexagonum  Sby.  Saxidomus  gibbosus  Gabb. 

DoMinia  ponderasa  Gray.  Solen  gicariiu  Gld. 

Prillia  torosa  Carpt.  Turritella  cooperi  Carpt. 

Luvatia  lewesii  Gld.  Turrit eUa  jewetti  Carpt. 

Mai'oma  mtJtuta  Conr.  I'enericardia  ventricona  Gld. 
Myurella  itimplex  Carpt. 

For  the  section  from  Mont^ra  to  Capitola,  Ashley  gives  a 
fauna  of  fifty-two  species,  which  includes  three  areas.  There  is 
little  doubt  that  his  .1.  microdonta  is  really  A,  trilineata.  Since  he 
states  that  **In  these  strata  we  find  great  numbers  of  several  spe- 
cies of  area,  some  of  which  are  over  four  inches  broad."  And 
after  examining  a  large  niuuber  of  specimens  from  Capitola  I 
find  all  these  large  areas  to  be  A.  trilineata.  The  young  indi\'id- 
uals  are  identical  with  .1.  sulcicosia.  Conrad  described  A.  canalis 
from  th(»  same  bed  with  .1.  triUncata,  and  the  writer  has  seen 
Kpeciinens  from  Half  Moon  Hay.  Ashley  calls  the  main  bulk  of 
thrsc  beds  M<»rc('(l:  the  lower  part,  or  peeten  beds,  where  Pcvtcn 
caurinus  is  xiny  abundaiit,  he  calls  transition  beds,  considering 
them  to  be  in  part  Miocene. 

AIONTAKA   'lO  (APIIXjI.A.    (Aslllev). 

Astjfris  (jansnpata  (Jld.  Purinirn  naxicola   Val. 

('nlm>tiani   ifioniatd  Gabb.  SurniUi  rnrpruteriatui  Gabb. 

Canrrlhirid  tritonidtui  Gabb,  rolutilitliis  indurata  Conr. 

CtKniis  bricluil  Hinds.  Acila  castrensis  Hin<ls. 

Ck judiihi  firandi.s   Mi«l«l.  Area  canalis  Conr. 

('rifp(ir)iiton  cf.  .stellcri  Midd.  Area  tnwr(>do)ita  Conr. 

Lnnatia   huisii  (Jld.  Area  siilcicaftta  Gabb. 

\as.sa  caltforniaua  Conr,  Cardium    corhis   Martyn. 

Sa.ssa  ;Hri>rii</uis  Hds.  Cardium   met kianutn  Gabb. 

\atira  <  l<nisa   Hro«l.  and  S)»v.  Chione  simiUima   8bv. 

Chr/fs(>d(nnus  Jium(  ra.^u.s  Ga))b,  Critidomj/a   eaJiforniea  Conr. 

Chrifsadamu.s   tabulatus  Jiair<l.  Ctfreua  ealifornica  Ciabb. 

J'ur/iura  erisjtata  Clu'ni,  Clifeimeris  (feuerosa  (il<l. 
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Lucina  horeaUs  Linn. 
Macoma  ruisuta  Conr. 
Macoma  edulis  Nuttl. 
Meretrix  trosittt  Conr. 
Modiolo  fiahellata  Gld. 
3fya  truncata   (f) 
Pachydesma  ineaana  Conr. 
Pecten  caurinus  Gld. 
Pecten  pabloensis  Conr. 
Pecten  pi'opatulu^  Conr. 
Psammnobia  rubroradiata  Conr. 
Sanguinoloria  nuttalliana  Conr. 
Sojidomwt  gibbos^ts  Gabb. 


Schizothoerus  jiuttcUli  Conr. 
Siliqua  patula  Dixon. 
Solen  sicarius  Gld. 
Standella  califomica  Conr. 
Standella  falcata  Gld. 
Standelhi  nnsuta  Gld. 
Tapes  staminea  Conr. 
Tapes  teverrima  Carpt. 
Mectra  pajaroensis  Conr. 
Yoldia  cooperi  Gabb. 
Zirphoea  crispata  Liun. 
Scutelta  gibbsi  R^m. 
Scutella  intcrlineata  Stimp. 


The  Wild  Cat  series  of  Lawson  has  yielded  the  following 
fauna,  principally  from  the  Scotia,  Humboldt  County,  section : 


Cardium  meekianum  Gabb. 
Pecten  caurinus   Gld. 
Tapes  staleyi  Gabb. 
Schizothoerus  nuttalli  Conr. 
Machaera  patula  Dixon. 
Macoma  edulis  Nuttl. 
Macoma  expansa  Carpt. 
Macoma  nasuta  Conr. 
Solen  rosaceus  Carpt. 
Standella  falcata  Gld. 
Thracia  trapezoxdes  Conr. 
Modiola  muliiradiata  Gabb. 
Mytilus  calif ornianus  Conr. 
Saxidomus  gibbosus  Gabb. 
Yoldia  impressa  Conr. 
Balanus  gp. 

Septunea  altispira  Gabb. 
Xeptuna   tabulata   Baird. 


Drillia  voyi  Gabb. 
Olivella  boetica  Carpt. 
Lunatia  pallida  Brod.  and  Sby. 
Purpura  canaliculata  Duel. 
Columbella  richthofeni  Gabb. 
Scutella   interlineata   Stimp. 
Cancer  breweri   (f)  Gabb. 
Nassa  fossata  Gld. 
Cardium  blandum  Gld. 
Psephis  lordi   (f)    Baird. 
Standella   planulata  Conr. 
Natica  clausa  Brod.  and  Sby. 
FusuSf  n.  sp. 
Mactra  sp. 

Area  sulcicosta  Gabb. 
Priscofusus  oregonensis  Conr. 
Priscofusus  devinctus  Conr. 
Priene  oregonensis  Redf. 


This  formation  has  been  correlated  with  the  Merced  of  Seven 
Mile  Ik^ach. 

Mr.  F.  M.  Anderson  of  the  California  Academy  of  Science 
kindly  showed  the  writer  specimens  of  this  species  from  the  San 
Pablo,  associated  with  the  following  fauna: 


KETTLEMAX    HILLS,    FRESNO    COUNTY,    ('ALIF'ORNL\. 


Pseudocardium  gabbi  Rem. 
Cardium  meekianum  Gabb. 
Scutella  gibbsi  R^m. 


Ostrra  honrgeoisi  Rem. 
Balanus  Hp. 
Perien  sj). 
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ZAPATO  CHINO  CREEK,  FRESNO  COUNTY,  CALIFORNIA. 

SaxUlomu^  (iratu:t  Old.  Scutella  gibbsi  'R^m. 

Clifpea^ter    (Scutella)     hreucerianuii  Xeverita  rechiziaua  Petit. 

Rem.  Xasxa  calif onxiana  Conr. 

Astrodapsijt  tumulus  K^iii.  Vecten  sp. 

TAR    KAXCH. 

Chione  Kp.  Sevcrita  recluziana  Petit. 

Scutella  gibbsi  Rem.  ZirpJiaea  dentata  Gabb. 

Tapes  statninea  Conr. 

Area  trilineatn  appears  fii'st  in  the  San  Pablo,  though  how 
far  down  in  this  formation  is  not  yet  certain,  and  extends 
through  the  lower  and  middle  Pierced,  disappearing  somewhere 
between  the  Middle  Pierced  and  the  Upper  Gastropod  Bed  of  the 
Seven  Mile  Beach  section.  It  is  most  abundant  in  the  Lower  and 
Middle  Merced. 

ARCA  MONTEREYANA,  UCW  SpecicS. 
Plat«  9,  Hgs.  5,  5a  and  5b, 

Description. — Rhomboidal,  inequilateral,  nearly  two-thirds 
of  the  length  being  behind  the  beak,  posterior  margin  making  a 
very  obtuse  angle  with  hinge-line.  Ratio  of  length  to  height 
about  \\/'2  to  1.  Average  size  of  adult  about  51x33  mm.  Beaks 
not  prominent,  turned  rather  sharply  forward,  narrow  and  close 
t()<rether,  ligament  area  narrow.  Hinge  line  long  and  straight. 
Basal  inai-gin  ncai'ly  parallel  to  hinge  line.  Ribs  26-32,  usually 
27,  pj'oiniiicnt,  scjuarc.  flattened,  a  little  wider  than  the  inter- 
spaces and  marked  with  a  median  gi-oove.  Occasionally,  in  the 
older  specimens,  two  subsidiary  gr(K)ves  may  appear  toward  the 
margin,  as  in  A  irilineata.  More  or  less  distinct  lines  of  growth 
often  roughen  the  shell,  especially  in  the  larger  individuals,  and 
when  these  are  fine  and  numerous  they  approach  closely  the 
beaded  etl'ect  of  -I.  friUiuata. 

This  shell  is  distinguished  from  .1.  Iriliucaia  and  A.  canalis 
by  its  more  ineciuilateral  form,  low,  narrow  beak,  greater  pro- 
portional length,  hmg  straight  hinge-line  and  generally  less  in- 
flated shell.  The  latter  characteristic,  together  with  the  median 
grooves  on  the  I'ibs,  distinguishes  it  from  A.  microdonia. 

Occurrence  and  Associated  Fauna. — This  species  occurs  most 
abundantly  in  the  sandy  phases  of  the  Monterey  Miocene  as,so- 
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ciated  with  the  shale,  and  sometimes  in  the  shale  itself.  In  the 
latter  case  it  is  usually  small.  It  rarely  occurs  in  the  typical 
shale.  At  Selbys,  near  Vallejo  Junction,  it  is  found  in  a  calca- 
reous iaver  in  the  shale  with  the  same  fauna  as  that  in  the  sandv 
layers  below\ 

It  is  common  in  the  Monterev  of  the  Pinole  section.  It  is 
also  found  at  Walnut  Creek.  It  probably  occurs  in  the  typical 
shale  at  Carmelo  Bay,  and  is  also  found  at  Barker's  Ranch,  near 
Bakersfield.  It  is  most  abundant  in  the  middle  Monterey,  where 
it  is  associated  with  the  followinjr  fauna : 

Crepidula  grandis  Midd.  Tellina  bodegensis  Hinds. 

Glycimeris  generosa  Gld.  Nassa,  n.  sp.  j 

Pandora  scapha  Gabb.  Siliqua  patuld  Conr. 

ToJdia  cooperi  Gabb.  Lucina  borealis  Linn. 

Lcda  taphria  Dall.  Chione  succincta  Val. 

Solcn  sp.  Callista,  n.  sp. 

Lunatia  lewesii  Gld.  Mactra  sp. 

At  Barker's  Ranch  it  is  found  with  a  fauna  of  lower  Monte- 
rey ajre,  as  follows : 

Agasoma  barkerianum  Cpr.  Neptunea,  n.  sp. 

Agasoma  kemanum  Cpr,  Leda  taphria  Dall. 

Agasoma,  n.  sp.  Yoldia  cooperi  Gabb. 

Turrit ella  ocoyana  Conr.  Lucina  richthofeni  Gabb. 
Conus,  n.  sp.  near  calif ornicus  Hds.     Neverita  recluziana  Conr. 

SurctUa  carpenieriana  Gabb.  Natica  ocoyana  Conr. 

Pleurotama  sp.  Voluta,  n.  sp. 

Trochita  sp.  like  filosa  Gabb.  Standella  indet. 

Myurella  sp.  like  simplex  Carpt.  Crucibulum  sp. 

Cancellaria  sp   (a)   new.  DentaHum  sp. 

Cancellaria  sp.  (b)  new.  Solen  sp. 

Dosinia  sp.  Pecten  sp. 

Xassa  sp.  near  perpenguis  Hds.  Tellina  sp. 
Nassa  sp. 

The  writer  has  seen  specimens  of  this  species  collected  by 

Anderson  and  associated  with  the  following  lower  San   Pablo 

fauna : 

Pecten  pabloensis  Gabb.  Mactra    ( Pseudocardium )    sj). 

Pecten  estrellanus  Conr.  Hemifusus  sp. 

Dosinia  ponderosa  Gvibh.  Trophon(aff.  T.  ponderosum  )CvAhh. 

Lucina  horealis  Linn.  Neverita  recluziana  Desh. 

Tapes  tenerrima  Gabb.  Trochita  sp. 

Mytilus  califomianus  Gabb.  Astrodapsis  tumidus  Rem. 

Mactra   (Spisula)  falcata  Gld.  Sharks'  teeth. 
Macoma  inquinata  Desh. 
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This  seems  to  be  a  characteristic  Monterey  Miocene  species, 
most  abundant  in  the  middle  portion  of  that  formation,  but  also 
found  in  the  lower  and  upper  part,  and  in  the  lowermost  San 
I^ablo. 

AKCA  CAMULOENSIS,  UCW  SpCCicS. 
Plate  10,  Figs.  6  and  6a;  PI.  11,  Figs.  66  and  6c. 

Description. — Shell  quadrate  to  circular,  height  only  slightly 
less  than  length,  (adult  90x98  mm.),  almost  equilateral,  thick- 
ness through  closed  shell  nearly  equal  to  height.  Beaks  not 
widely  separated,  very  slightly  turned  forward,  and  greatly 
incur\'ed  over  a  wide  and  flaring  ligament  area.  Ribs  about  32 
in  niuuber,  n)unded  and  without  grooves,  considerably  wader 
than  the  interspaces,  and  crossed  by  regular  ridges,  which  give 
them  a  beaded  structure.  At  about  the  ninth  rib  from  the  pos- 
terior end  is  a  very  distinct  shoulder,  from  which  there  is  a  steep 
concave  slope  to  the  posterior  margin. 

Occurrence  and  Associated  Fauna. — A.  camuloensis  occurs 
near  Camulos,  Ventura  County,  in  the  Puente  Hills,  Los  Angeles 
County,  and  in  the  foothills  of  the  Santa  Ana  Mountains. 

Associated  fauna  five  miles  northeast  oi  Camulos: 

Caticellnria,  n.  sp.  dementia  subdiaphana  Carpt. 

Cardiiim,  iiidet.  Fuj<ns  ambustus  Gld. 

CJiri/sodoinuM,  n.  sj).  Lutricola  alta  C'onr. 

Conns  vaUforaivus   lids.  Natica   (Lunatki)   lewisii  Gld. 

Sassa  californiana  Conr.  Nucida,  n.  sp. 

Sdtira,  8p.  indet.  Osfrea  veatchii  OabV). 

Pachypoma,  n.  hj).  Pecten  cerrosensiH  Gabb. 

TvrritcUa,  n.  sp.  Prienc  oregonensu^i  Re«lf.  sp. 
Arda  cdstrfiisis  lids. 

It  is  reported  from  the  Piiente  Hills*  associated  with  a  fauna 
determined  as  of  Pliocene  age.  This  form  is  not  distantly  removed 
from  .1.  (f  rand  is,  but  can  be  distinguished  fnim  it  by  both  the 
form  of  tlu*  shell  and  the  character  of  the  ornamentation. 


"Hull.  Xo.  19.  Calif.  State  Miiiin^r  Bureau,  pp.  2'20-22l\ 


Vol.  41  Osmont. — Areas  of  California  Neocene,  99 

ARCA  CANALis  Conrad. 

Plate  11,  Figs.  7,  7a  and  76. 

Area  Canalis  Conrad.     Pac  R.  R.  Reps.,  1854-5,  Vol.  6,  p.  70,  PI.  2, 
fig.  8. 

Description. — This  species  was  described  by  Conrad  as  fol- 
lows: **Siibtrapezoidal,  ventricose,  ribs  24-26,  flattened,  scarcely 
prominent,  divided  by  a  lon^tiidinal  furrow,  disk  concentrically 
wrinkled,  umbo  ventricose,  summits  prominent,  remote  from  the 
center. ' ' 

There  seems  to  be  little  difference  between  this  form  and 
A.  trilineata,  the  principal  difference  bein^  that  the  beaks  are 
more  distant  and  less  incurved  and  the  li*»:ament  area  in  A.  ca- 
nalis more  flaring.  The  additional  jrrooves,  and  also  the  beaded 
effect  of  A.  triliveata,  seem  to  appear  occasionally  on  .4.  canalis 
also.  The  flare  of  the  li*rament  area  does  not  appear  to  be  an 
absolutely  constant  factor,  and  its  importance  as  a  specific  char- 
acter is  somewhat  doubtful. 

Occurrence  and  Associated  Fauna. — This  species  occurs  at 
Santa  Barbara,  as  noted  by  Conrad,  and  is  called  Pliocene  by 
him.  Specimens  are  also  known  from  the  ^NfcKittrick  Oil  Dis- 
trict, from  a  horizon  verv  doubtfully  referred  to  the  San  l^ablo. 
It  is  cited  bv  Ashlev  as  occurrin*;  in  the  Half  ]\looii  Bay  and  the 
Capitola  sections.  The  writer  has  seen  specimens  from  Half 
M(K)n  Bav.  It  seems  therefore  to  be  a  fonn  closelv  related  to, 
if  not  identical  with,  .1.  fnlineata  Conr..  and  to  have  the  same 
ran«re  as  that  species.  It  also  occurs  in  tbe  San  Pablo  of  Zapato 
Chino  Creek,  Fresno  County,  the  fauna  of  which  is  listed  under 
A.  frilineata. 

CONCLUSIONS. 

The  above  s])ecies  comprise  all  the  Neocene  areas  of  Cali- 
fornia, so  far  as  the  writer  has  been  able  to  determine.  Other 
species  are  menticmed  by  C(mrad,  viz.:  .1.  conf/csta  and  A.  obis- 
poana.  The  figure  of  the  latter  is  very  poor.  It  may  repi'esent 
.1.  montcreyana,  but  is  not  perfect  enoujrh  for  identification 
^fore  investi|a:ation  may,  however,  show  it  to  be  a  valid  species. 
The  former  might  be  the  young  of  any  one  of  several  species. 

As  to  vertical  range,  we  may,  from  our  present  knowledge, 
fairly  assume  that : 


42829?^ 
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Area  microdonia  belongs  to  the  Monterey  Miocene. 

^1.  montercifana  ranges  from  the  lower  Monterey  Miocene 
through  the  middle  and  upper  divisions,  and  into  the  lower  San 
Pablo.  It  is  verv'  much  more  abundant  in  the  middle  Monterev 
than  elsewhere. 

.4.  canal  is  seems  to  extend  from  the  middle  San  Pablo  to  the 
middle  Meree<l. 

A,  trilincata  is  known  in  the  San  Pablo,  though  not  certainly 
in  the  lowest  member,  and  seems  to  extend  to  a  point  somewhat 
above  the  middle  Merced.  It  is  most  abundant  in  the  lower  and 
middle  Merced. 

A.  camuloensis  is  so  far  known  from  only  a  few  localities, 
occurring  in  strata  probably  referable  to  the  Pliocene. 


Berkeley,  California. 

November  30, 1904. 
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KXPLA  NATION  OF  PLATE  S. 

Area  microdonta  ('onr. 
Fioures  natural  size. 

Figs.  Itt,  2a  and  3<i.— Outline  views  of  three  individuals,  seen  from  above. 

Figs.  2  and  26.  — Ijateral  an<l  anterior  view  of  specimen,  also  shown  in  out- 
line in  fig.  2a. 

Figs.  V)y  26  and  36.— Outline  views  of  three  individuals,  seen  from  ante- 
rior  side.  The  indivi<luals  are  the  same  as  those  shown  in  tigs, 
la,  "la  and  3a.  and  aro  arranged  in  the  sjinie  order. 
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KXPLANATION  OP  PLATE  9. 


Fig.  4.  — Ana  triUueaia  Coiir.     Lati^ral  vit»\v.     Natural  size. 

Fij^.  Ail.  — Arm  trilinrata  Coiir.     Aiitorior  vi<»\v.  Nalural  sizo. 

Vi^.  4b.  — Area  triUntoia  Cour.     Hiii^i*.     Natural  size. 

Pijj.  4r.  —  Ar('a  triliiirata  Coiir.     Detail  of  ]M'a<iiii^  on  the  ril>s.     X2. 

Kig.  r^.  —  Awa  montvrviiana^  n.  h|».     I^ateral  view.     Natural  size. 

Pig.   rui.-Arca    niohtirrifana.  u.   sp.      Hinge  an<l   inner  .side  of  left   valve. 
Natural  size. 

Kig.  .">/>.      Arm  montcrt  ifana,  n.  sj>.     L:it«'ral  view   of  valve  shown  in  fig.  'hi. 
Natural  si/.«'. 
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EXPLANATION  OF  PLATK  10. 

Area  Camoloensis,  n.  sp. 

Figures  natural  itizc. 

Fijj.  6.— Side  view  of  a  somewhat  weathered  s|»eeimen  from  which  the  sur- 
face s<*ulj>ture  has  largely  disappeared. 

Fig.  6<i. — Anterior  view  of  specimen  shown  in  fig.  6. 
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KXIM.AXATION  OF  PLATK  11. 


Fijj.  fih.  —  .irra  ramiilonixiM,  n.  sp.     Outline  view  of  up|K»r  side  of  si»efiiiien 
mIhiwii  on  Plate  10.     Natural  size. 

Fijf.  Hr.  — .Irai  camuhienxis,  n.  Hp.     l>etail  of  rib  ornamentation.     X  2. 

Y'\^.  7.  — Area  camiliit  ('<»nr.     Si<le  view.     Natural  size. 

Fijj  7a.  — Ami    raiiali^    Conr.      Kn«l    view    of    H[>ei'in)en    shown    in    fijj.    7. 
Natural  size. 

Fi;:.  7 'k—  Area  fanalitt  Conr.     Hin^«».     Natural  size. 
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INTRODUCTION. 

In  the  following?  paper  an  attempt  has  been  made  to  brinir 
toprether  the  already  ascertained  facts  concerninpr  the  Pala«^>n- 
tolog>'  of  the  Martinez  Group,  and  to  add  to  them  a  considerable 
body  of  new  evidence.  The  present  investijyration  was  beynm  by 
Professor  J.  C.  Merriam,  who  made  an  extensive  collection  of 
Chico,  Martinez  and  Tejon  fossils  from  several  localities  in 
Contra  Costa  County,  to  the  south  and  west  of  the  town  of  Mar- 
tinez. These  formations  were  mapped  by  Professor  Merriam  in 
detail*  the  stratigraphic  relationships  were  determined,  and  many 
new  elements  were  recognized  in  the  faunas.  The  completion  of 
this  work  was  suggested  to  the  writer  by  Professor  ^lerriam  The 
continuation  of  the  investigation  has  consisted  in  an  examination 
of  all  the  known  Martinez  outcrops  in  the  State,  in  the  collection 
of  additional  fossils,  in  the  study  of  the  fauna  with  special  con- 
si  deration  of  correlation,  and  in  the  description  of  a  number  of 
new  and  characteristic  forms. 

During  the  early  months  of  1904,  about  four  weeks  of  field 
work  were  devoted  to  a  study  of  the  geologic  and  stratigi*aphic 
relations  of  these  formations  in  the  vicinity  of  Benicia,  Arm;. 
Point  and  Mai-tinez.  Later  in  the  year  two  trips  were  made  to 
Lake  County,  where  fossils  of  Maiiinez  age  were  reported  to 
occur.  During  the  sumniei*  ot  liM)4  about  nine  weeks  were  spent 
in  iiiappintr  the  Xapa  <|u;ulrangl«\  upon  which  are  located  the 
regions  about  Martinez  and  Benicia.  Fn  connection  with  this 
woi'k  an  attempt  was  made  to  discover  any  stratigraphic  relation- 
slii|)s  which  might  exist  between  the  Martinez  beds  of  Lake 
County  and  those  in  the  vicinity  of  Kaniuines  Strait.  Tlie 
study  of  the  fauna  has  resulted  in  the  description  of  twenty-one 
new  species. 

HISTORICAL    HEyiKW. 

The  Mai'tinez  formation  was  fii-st  recognized  in  1869  by  Wil- 
liam M.  Cabb*  in  volume  two  of  his  work  on  the  PalaeontoloLrv 
of  Calit'oi'iiia.  Fn  the  (»arlier  yolumet  on  the  Palaeontology-  of 
California  Cjibb  divided  his  Ci-etaceous  into  an  upper  and  lower 

Hi'j).  (m'(iI,  Surv,  of  Calif.  Palainnitology,  Vol.  II,  j>.  13  op.  iiroface. 
tK.'i..  (Jool.  Surv.  of  Calif.  Palaeontology,  Vol.  J,  18()4. 
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division,  desi^atingr  them  as  A.  and  J^  and  including  in  the 
former  all  the  beds  now  known  as  Chieo,  Horsetown  and  Knox- 
\nlle.  His  upper  division.  Cretaceous  B,  comprised  the  upper 
division  of  the  Eocene  as  known  to-day.  Later,  in  1869,  when  the 
second  volume  of  the  Palaeontolo^  appeared,  this  classification 
was  more  clearly  defined.  Cretaceous  A  was  subdivided  into  the 
Shasta  and  Chico  groups,  and  di\nsion  B  was  named  Tejon. 
Between  the  Chico  and  Tejon  he  provisionally  placed  the  Mar- 
tinez Group,  which  he  considered  to  be  of  small  geographical 
extent,  and  suggested  that  it  might  be  a  subdivision  of  the  Chico. 

The  list  of  fossils  collected  from  the  Martinez  beds  by  Gabb 
appeared  to  indicate  a  possible  transition  from  the  Chico  to 
Tejon,  and  when  later  the  Tejon  came  to  be  regarded  as  Eocene, 
still  more  significance  was  attached  to  these  ** Intermediate  beds.'* 

The  classification  as  set  forth  in  the  Palaeontolog>'  of  the  Cali- 
fornia Survey  conflicted  with  later  views,  and  hence  led  to 
confusion.  This  confusion  was  largely  cleared  up  in  a  paper 
on  the  ** Cretaceous  and  Eocene  of  the  Pacific  Coast''  by  Dr. 
T.  W.  Stanton,*  in  which  he  reorganized  the  earlier  classification, 
ba.sing  it  upon  the  results  of  more  detailed  investigations.  In 
this  new  arrangement  he  divided  the  Martinez  Group  of  Gabb 
into  two  parts  and,  on  the  basis  of  its  faunal  and  stratigraphic 
relations,  placed  one  part  in  the  Chico  and  the  other  in  the 
Eocene,  designating  the  latter  as  lower  Tejon. 

In  the  following  year  a  discussion  of  the  question  was 
published  by  l^rofessor  J.  C.  Merriam.f  This  investigation 
was  based  on  a  .study  of  the  geological  relations  of  the  Martinez 
Group  at  the  typical  locality.  An  extensive  collection  of  fossils 
was  made,  extending  into  both  the  Chico  below  and  the  Tejon 
above.  Fix)m  the  data  obtained  he  was  able  to  show  that  the 
Martinez  fauna,  consisting  of  over  sixty  species,  was  a  unit  quite 
distinct  from  the  Chico  and  Tejon.  Only  a  very  few  species 
were  found  in  common  with  them.  On  a  lithological  basis  he 
distinguished  the  Martinez  from  the  adjoining  formations,  in 
that  it  showed  the  presence  of  considerable  quantities  of  glau- 


♦'f 


The  Faunal  Relations  of  the  Eocene  and  Upper  Cretaceous  on  the  Pa- 
cific Coast.     17th  Ann.  Rep.  U.  S.  Geol.  Sur\-.,  pp.  1011-1060,  1895-96. 

tThe  Geologic  Relations  of   the  Martinez  Group  of  California  at  the 
Typical  Locality.    Jour,  of  Geol.,  Vol.  5,  pp.  767-775,  1897. 
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conite  and  possessed  a  peculiar  gray  color,  in  contrast  with  the 
yellowish  or  bluish  rocks  of  the  Chico  and  the  more  massive  white 
to  dull  red  Tejon  sandstones.  The  thickness  of  the  ^lartinez  was 
estimated  to  be  somewhere  between  one  and  two  thousand  feet. 
The  results  arrived  at  by  Professor  Merriam  a^ee  with  those  of 
Dr.  Stanton,  and  the  position  of  the  Martinez  beds  was  deter- 
mined as  in  the  lower  Eocene.  The  Martinez  was,  however,  recog- 
nized as  a  jreolo^eal  formation  distinct  from  the  Tejon. 

Dr.  W.  II.  Dall,*  in  an  article  entitled  *'A  Table  of  the  North 
American  Tertiary  Horizons,  Correlated  with  One  Another  and 
with  those  of  Western  Europe,"  correlates  the  Martinez  and 
Tejon  with  the  Midwayan  sta^e  of  the  southeastern  United  States 
and  with  the  Cemaysian  of  Europe.  In  other  words,  he  considers 
it  to  represent  the  extreme  lower  portion  of  the  Eocene. 

In  an  article  wntten  by  Professor  Andrew  C.  Lawsont  in 
1902  on  **A  Geological  Section  of  the  Middle  Coast  Ranges  of 
California,''  the  Martinez  and  Tejon  are  jointly  termed  the  Kar- 
quines  series.  The  combined  thickness  of  the  two  is  placed  at 
4,300  feet. 

GEOGRAPHIC  DISTKIBrTION. 

The  Martinez  formation  as  at  present  known  does  not  have 
an  extensive  geographic  range.  The  best  studied  locality,  and 
the  one  from  which  the  foniintion  takes  it  name,  occurs  in  Contra 
Costa  Count V.  to  the  south  and  west  of  the  town  of  ^lartincz. 
Tlies(^  beds  run  south  fi-oni  ^Martinez  and  disappear  under  the 
alluvium  of  AValnut  Creek  valley.  A  portion  of  it  extends  up 
Del  ITainhi'e  Canon  to  the  northwest.  To  the  east  of  ^Fartinez 
and  soutli  of  Bull's  Head  Point,  another  outcrop  occui*s.  having 
a  general  northwest -southeast  tivnd.  On  the  opposite  side  of 
Kanpiines  Strait,  at  the  Benicia  arsenal  grounds,  a  continuation 
of  these  beds  appears.  They  may  be  traced  for  a  distance  of 
thr«'e  miles  to  th(^  noi'th  of  Benicia.  Farther  nortli.  in  southern 
Lake*  County,  this  same  foi-ination  is  again  found.  It  tii*st  out- 
crops just  east  of  the  town  of  Lower  Lake,  and  may  be  traced 
to  the  southeast  for  several  miles.  Xo  connection  of  these  beds 
with  those  fartlier  south  could  be  found,  and  from  the  structural 


istli  Ann.  Rpj.t.  l\  i<.  UeoJ.  Sun.,  Vt.  II.  189S,  pp.  327:^48. 
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relations  between  the  two  localities  it  does  not  seem  probable  that 
it  ever  existed.  At  the  present  time  these  are  the  only  localities 
where  beds  of  distinct  Martinez  age  are  recognized. 

STRATIGRAPinC    RELATIONS. 

The  stratigraphic  relations  existing  between  the  Martinez  and 
either  the  Chico  below  or  the  Tejon  above  throw  little  light  upon 
its  separation  as  a  distinct  formation.  As  yet  no  contact  has  been 
observed  where  the  exact  relations  between  them  can  satisfac- 
torily be  determined,  and  at  no  locality  in  this  region  has  a  dis- 
tinct angular  unconfonnity  been  noticed. 

In  the  vicinity  of  the  Strait  of  Karqnines  the  Chico,  Mar- 
tinez, Tejon  and  Monterey  have  all  i)articipated  in  the  folding  of 
the  .strata,  which  has  resulted  in  the  formation  of  a  synclinal 
trough  the  axis  of  which  has  a  northwest  to  southeast  trend.  The 
apex  is  situated  about  four  miles  to  the  north  of  Benicia.  The 
maximum  width  of  this  syncline,  extending  from  a  short  distance 
west  of  Pacheco  on  the  east  to  Del  llambre  Caiion  on  the  west, 
is  about  four  miles.  In  this  cross-section  the  Chico,  Martinez, 
Tejon  and  Monterey  are  found  in  succession  toward  the  center 
of  the  syncline.  The  same  holds  tnie  on  the  northern  side 
of  the  straits,  except  that  the  Monterey  is  not  represented. 

To  the  south  and  west  of  Martinez,  on  the  western  limb  of  the 
syncline,  all  of  these  beds  dip  at  high  angles  to  the  northeast. 
West  of  the  syncline  the  Martinez  becomes  thinner,  and  is  repre- 
sented by  a  narrow  strip  extending  up  nearly  to  the  head  of  Del 
Hambre  Caiion.  At  this  locality  the  Martinez,  together  with  the 
Chico,  dip  to  the  southwest. 

On  the  eastern  flank  of  the  syncline,  beds  of  Martinez  age 
are  represented  inmiediately  west  of  BulTs  Head  Point,  and 
south  of  this  point  they  appear  east  of  the  road  leading  from 
Pacheco  to  Martinez.  These,  together  with  the  Chico  and  Tejon, 
dip  .steeply  to  the  southwest.  The  strike  of  tliese  beds  carries 
them  across  the  Strait  of  Kaniuines,  wliere  they  again  outcrop 
just  north  of  Army  Point  Station.  At  this  point  the  formation 
was  so  thickly  bedded  that  it  was  difficult  to  obtain  accurate 
(observations  of  the  dip.  Apparently,  however,  they  dip  at  high 
angles  to  the  southwest.     In  this  locality  the  outcrops  are  sepa- 


106  University  of  California  Publications.  [Geology 

rated  from  both  Chico  and  Tejon  by  low  marshes,  so  that  no 
actual  contact  could  be  observed.  However,  no  marked  irregu- 
larity in  the  dip  was  seen.  The  strike  of  these  beds  waA  traced 
to  a  point  about  three  miles  northwest  of  Benicia.  Farther 
than  this  no  outcrops  were  seen  which  could  definitely  be  called 
Martinez.  To  the  west  of  Benicia  thick  bedded  sandstones  closely 
resembling  those  at  Anny  Point  were  obser\'ed  dipping  steeply 
to  the  northeast.  Farther  west  the  Chico  again  occurs,  dipping 
at  the  same  angle  as  the  thick  bedded  sand.stones,  but  near  the 
shore  it  is  folded  and  again  dips  to  the  southwest.  The  strike 
and  dip  of  these  beds  where  carried  across  the  straits  are  almost 
identical  with  those  south  and  west  of  Martinez.  The  most  rea- 
sonable conclusion  would  seem  to  be  that  there  exists  here  a 
closely  folded  syncline. 

Farther  north,  in  Lake  County,  a  similar  structure  seems  to 
exist,  viz:  a  closely  folded  syncline  having  a  general  northwest- 
southeast  strike,  with  its  apex  about  three  miles  northwest  of  the 
town  of  Lower  Lake.  The  width  of  the  syncline  below  Lower  Lake 
is  about  three  miles.  The  strata  on  both  flanks  dip  at  extremely 
high  angles  toward  the  axis.  The  fonnations  represented  are 
Chico,  Martinez  and  Tejon.  The  a  real  extent  of  the  Martinez 
outen)ps  was  not  detennined,  but  they  appear  to  be  consider- 
ably jL^'eater  than  those  about  the  Strait  of  Karquines.  Beds 
of  Martinez  ajze  may  possibly  be  represented  in  northern  Lake 
County,  near  the  town  of  1,'pper  Lake.  Dr.  II.  W.  Fairbanks,* 
who  has  examined  that  region,  states  that  **a  ridge  of  soft  sand- 
stone be<,^ins  a  mile  nc^rthwest  of  I'pper  Lake  and  extends  north- 
westerly for  about  ten  miles  between  ^liddle  Creek  and  Bachelor 
Valley.  It  rises  perhaps  one  thousand  feet  above  Clear  Lake. 
"I'he  strata  are  thick  bedded  and  almost  level,  and  are  underlain 
by  the  ar<rillites  of  the  older  series  which  replace  the  sandstone 
on  the  noilhwest.  It  contains  no  fossils,  but  from  its  resemblance 
to  the  fossiliferous  Chico-Tejon  sandstones  near  Lower  Lake,  it 
is  jud^'cd  to  be  of  that  period.''  AVhen  more  detailed  field  niap- 
phi<^  is  carried  out  the  Lake  County  beds  will  probably  be  found 
to  extend  much  farther  to  the  southwest. 


*rio  )l()^y  of  Teliania,  Colusa.  Lake  and  Xapa  Counties,  Cal.  State   Min. 
Bureau,  11th  Ann.  Kei)t.,  p.  &2,  l.S91-9L\ 
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The  average  thickness  of  the  Martinez  formation  is  about  two 
thousand  feet.  On  the  north  side  of  the  straits  it  is  much  less. 
The  section  representing  Martinez  beds  at  Army  Point  railroad 
station  has  a  thickness  of  about  eighteen  hundred  feet.  The 
Tejon  above  is  nearly  twelve  hundred  feet  in  thickness.  In 
southern  Lake  County  the  Eocene  is  much  thicker  than  at  Mar- 
tinez. The  Martinez  appeal's  to  be  represented  by  at  least 
twenty-five  hundred  feet  of  strata,  and  the  Tejon  by  a  volume 
nearly  as  great. 

The  Martinez  beds  are  for  the  most  part  composed  of  thick 
bedded  sandstones  containing  large  quantities  of  glauconite,  and 
alternating  with  these  are  considerable  beds  of  shale.  The  shales 
are.  however,  not  often  seen,  as  they  break  down  and  do  not 
show  on  the  surface.  In  general  the  sandstones  prevail.  They 
vary  somewhat  in  texture,  and  are  sometimes  cross-bedded.  They 
generally  have  a  grayish  color,  in  contrast  to  the  red  Tejon. 
Thev  are  soft  and  break  down  easily.  The  variations  in  character 
are  such  as  to  distinguish  upper  and  lower  sections  of  the  forma- 
tion. 

In  the  section  at  Armv  Point  the  lower  two-thirds  of  the 
series  is  composed  entirely  of  soft,  thick  bedded,  light  colored 
sandstones,  while  the  upper  third  is  made  up  of  alternating  beds 
of  sandstone,  var>nng  in  thickness  from  a  few  inches  to  several 
feet.  They  are  more  compact  and  more  resistant  to  erosion  than 
the  lower  portion  of  the  series.  The  upper  third  of  this  series  is 
fassiliferous.  In  the  region  about  Lower  Lake  the  same  condi- 
tions prevail,  except  that  the  lower  portion  of  the  series  is  not 
entirely  composed  of  thick  bedded  sandstones,  but  contains  alter- 
nating layers  of  conglomerate,  sandstone  and  shale,  with  a  few 
beds  of  clav.  Glauconite  is  verv  abundant.  The  fact  that  the 
deposits  are  so  largely  glauconitie  is  evidence  that  they  were 
slowly  deposited,  and  that  the  depth  at  which  sedimentation  took 
place  was  moderate. 

Although  there  is  no  angular  unconformity  between  the  Chico 
and  Martinez  or  the  Martinez  and  Tejon,  yet  there  exists  a  well 
marked  faunal  distinction.  The  fauna  occurring  in  the  Martinez 
l)ecls  is  distinct,  both  from  that  above  and  below.  Only  four 
species  range  down  into  the  Chico,  and  seven  into  the  Tejon 
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above,  and  these  are  in  most  eases  species  having  an  unusually 
long  ^'eological  range.  Altogether  sixty-one  species  are  entirely 
confined  to  the  ^lartinez.  In  the  hills  south  of  Martinez  a  section 
was  made  across  the  western  limb  of  the  syncline.  At  various 
localities  along  this  section  collections  of  fossils  were  made  from 
the  Chico,  ^Martinez  and  Tejon.  In  the  lower  beds  a  typical 
Chico  fauna  was  represented,  while  above  that  several  successive 
collections  yielded  an  entirely  distinct  group  of  species.  The 
upper  portion  of  the  series  represents  a  fauna  which  is  clearly 
Tejon. 

The  several  successive  collections  made  across  the  strike  of 
the  Martinez  show  a  distinction  between  the  faunas  of  the  upper 
and  lower  portions.  The  following  lists  represent  those  forms 
occurring  in  the  upper  and  lower  portions  in  the  vicinity  of 
Martinez. 

LOWER   MARTINEZ. 


Foraminifera,  in^et. 
FabeUum  remondianum  Gabb. 
T rochocyanthus  zitteli  Vaughn. 
SchizaMer  Icconiei  Merriani. 
Area  biloba,  n.  sp. 
Cardium  cooper i  Gabb. 
Cucullaca  mntlicirsoni  (l:i})h. 
f.tdd  (jabbi  Conrad. 
Limn   viultiradidta  (ial)b. 
Mt  rt  frix,  sp. 
MiHlUdn   inerriomi,  ii.  s)>. 
Xuridd  truxnita  (Jabl). 
Phohnlofiiifd  iKi.snfa  (lalil*. 
Tap's   (afT. )  (]H<i(h'af<i  (iabh. 


Tellina  martinezensis,  n.  ap. 
Actaeon  lawsonif  n.  sp. 
Cylichna  costata  Gabb. 
Devtalium  cooperi  Gabb. 
Discohelix  cnUfornicuSf  n.  sp. 
Fusus  aequilateralis,  n.  sp. 
Xcptunai  murronota  Gabb. 
/V?/.v.vo/f/,r  t riranidtus,  ii.  sp. 
Siphonnlio  Uiieata  Stanton. 
rrr>.s//(v;   ('(ludata  Gabb. 
rrosifni   robustii,  n.  sp. 
A'( nophorn  ciftili.  n.  sj). 
I'rrcdo^  sp. 
Turhinrlla  cidssdtt sfa  (labb. 


UPPER    MAKTINKZ. 


Foraniiiiifrra   mimniuloid. 

Schi'.d'Strr  Ircfnitfi  M(>rriani. 

(iliicrr,  sp. 

Area  hi!  off  a,  n.  sp. 

(UirtlHa  horiiii  (iah]». 

Ctwdiii/n  conjuri  (Jabh. 

(.'  ncvUm  a   irdthf  iisoni  (Jabb. 

Lrdn  fidhbi  ('onrad. 

Modinhi   iiirrrinnii,  n.   sj). 

Modioln    ornofd   Ga})b. 


Xuciila  truiicdta  Gabb. 
Phdiddoinifd  iid.suta  Gabb. 
Sdh  II  stdiitoni,  n.  sp. 
Triliiia  nidrtine^oi.sis,  n.  sp. 
Tell i lid  )ion\ii  Gabb. 
Tclliiui  und}dif( ra  Gabb. 
Thidcid    larquincscusis.    n.    sp. 
AnipuUiiid    (conf.)  sfridta  Gabb. 
]irdchi/spl(in(fu,s  liratu.s  Gabb. 
Jiullinnld  Kub^jlobosd,  n.  sp. 
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DentaHum  coaperi  Gabb. 
Deiitalium  stramineum  Gabb. 
Ficopsis  angulatus,  n.  sp. 
Heteroterma  gdbhi  Stanton. 
Heteroterma  trochoidea  Gabb. 
Heteroterma,  indet. 
Megistostoma  striata  Gabb. 
Morio  tuberculutus  Gabb. 
Natica,  sp. 

Perisiiolax  tricamatuSf  n.  sp. 
Perissolax  hlalei  Gabb. 


Siphonalia  lineata  Stanton. 
Architectonica  tuberculata,  n.  sp. 
Strepsidura  pacheoensis  Stanton. 
Tritoiiium  impressum,  n.  sp. 
Tritonium  eocenicumy  n.  sp. 
Tritonium  pulchrum,  n.  sp. 
TurriteUa  infragranulata  Gabb. 
TurriteUa  pachecoensis  Stanton. 
TurriteUa  conical  n.  sp. 
TnrriSy  sp.  indet. 
Urosi/ca  caudata  Gabb. 


In  the  outcroppings  just  north  of  Army  Point  railroad  station 
numerous  fossils  were  obtained.  A  list  of  the  known  species 
from  this  locality  is  given  in  the  table  below. 

These  species  are  nearly  all  fairly  abundant  at  this  locality, 
and  the  majority  of  them  occur  in  both  the  lower  and  upper 
portions  of  the  series  in  the  vicinity  of  Martinez.  Since  only  the 
upper  portion  of  the  series  is  fossiliferous,  the  locality  just  north 
of  Army  Point  station  may  be  correlated  with  the  ^liddle  ^lar- 
tinez  beds  in  Contra  Costa  County. 

In  southern  Lake  County  fossils  have  been  found  at  several 
localities  on  Herndon  Creek,  about  one  mile  southeast  of  the  town 
of  Lower  Lake.  At  a  point  about  one-fourth  of  a  mile  southeast 
of  the  town,  on  the  road  to  Knoxville,  a  large  number  of  species 
have  been  found.  Many  of  these  are  not  represented  in  the  vicin- 
ity of  the  Strait  of  Karquines.  The  lower  live  hundred  feet  of 
strata  are  non-fossiliferous,  and  resemble  very  closely  the  non- 
fossiliferous  beds  at  Army  Point.  The  majority  of  the  fossils 
were  collected  about  six  hundred  feet  from  the  base  of  the  series. 
The  larger  proportion  of  forms  resemble  those  belonging  to  the 
upper  beds  at  ^lartinez  and  not  occurring  in  the  lower.  From 
the  stratigraphic  position  of  the  beds  and  the  nature  of  the 
included  faunas  it  seems  best  to  correlate  the  ^Martinez  beds  at 
both  Benicia  and  Lake  County  with  the  middle  and  upper  at 
Martinez. 

The  following  table  represents  all  the  forms  occurring  in  the 
Martinez  group  at  Martinez,  Benicia  and  southern  Lake  County. 
The  occurrence  of  these  species  in  the  type  section  at  Martinez, 
whether  lower  or  upper  beds,  or  both,  is  also  indicated. 
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Foraminifera    nummuloid 

Foraminif era,  3  sp.  indet 

FkibeUum  remondianum  Gabb 

Trochocyanthwt   sitteli   Vaughn 

Schizaster  lecantei  Merriam   

TerebratiUlina  tejonensis  Stanton   

Area  biloba,  n.  sp 

Cardita  hornii  Gabb  

Cardium  cooperi  Gabb 

Crassatclla  unioides  Stanton 

Cucullaea  mathewsoni  Gabb   

Leda  alaeformis  Gabb 

Leda  gabbi  Conrad  

Lima  multiradiata  Gabb 

Luciua  turn^ri  Stanton    

MeretriXy  sp 

Modiola  merriamif  n.  sp 

Modiola  omata  Gabb   

Nucula  truncata  Gabb    

Pholadomya  nasuta  Gabb    

FectunculuH  veatchi^  var.  major.  Stanton 

Plicatula  ostreiformis  Stanton   

Soloi  .stantonij  n.  sp 

Tapes  (aff.)   quadrat n  (iabb   

Tellinn    martincznisis,   n.   s]) 

Tcllitui    hornii   (iahb 

Tellina    unduliftni    (J;il»h 

Teredo,   sp 

Thraeia  k(ir(iuinr.sc}isis,  u.  sp 

Artaron  hursoiii,  n.  s]) 

Ampullijui    (conf.)    .striatti   (Jal)l) 

JiraehyspJiiinjus   lirtitiis   (Jabl> 

Bull  inula  suhglohosa,  ii.  sp 

Cyliehna  eostata  Ciabb    

Dentaliiim  rooperi  Gabb   

Dfnialium   stramincnm    (Jabb    

Di,scohelix  ealifoniini.s,  n.  sp 

Fieopsis  tinf/ulatu.s,   n.   sp 

Fu.siis  (i( (luiUilcrnlis,  n.  sp 

fh'tf  rotrrnid    f/nhhi    Stanton    

fh  terotrrma  striata  Stanton    

}{  ft  critter  ma    tntelioidea    (Jabb 

Ileterotrrma,    indot 

J.unalia  hornii  (Jabb   

\l(tlist(tstoma  .striata  (Jabb    
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46  Morio  tubercuUiius  Gabb X 

47  Naiica,  sp . .         X 

48  ^Vepttinca  mucroiiata  Gabb   X 

49  Perissolax  tricarnatus,  n.  sp X  X  X  X 

oO  Perissolax  blakei  Gabb    X 

51  Siphonalia  lineata  Stanton    X         X  X 

52  Architectonica  tuberculataf  n.  sp X 

53  Strepsidura  pachecoensis  Stanton    .  .  X 

54  Tritonium  impressunif  n.  sp X 

55  Tritonium  eocenicunif  n.  sp X 

56  Tritonium  pulchrum,  n.  sp X 

57  Turbinella  crassitesta  Gabb    X 

58  Turritella  infragranulata  Gabb    X  X  X 

59  Turritella  pachecoensis  Stanton    X  X 

60  Turritella  conica^  n.  sp .  .         X 

61  Turris,  sp.  indet X 

62  Urosyca  cnudata  Gabb   X         X         X         X 

63  Urosyca  robusta,  n.  sp X 

64  Xenophora  zitteli,  n.  sp X 

65  Cancer,   ( ?)  sp .  .         X 

66  (Crustacean  remains,  macruran    X 

67  Serpula    X 


CORRELATION. 

Because  of  the  somewhat  divergent  views  held  by  various 
writers  in  rejE^ard  to  the  correlation  of  the  different  divisions  of 
the  Eocene  in  other  parts  of  the  world,  and  owinfr  to  the  fact  that 
a  lar^re  majority  of  the  species  occurrinfr  in  the  Pacific  Coast 
Eocene  are  not  represented  elsewhere,  it  becomes  extremely  diffi- 
cult to  make  a  correlation  of  the  Eocene  of  the  West  Coast  with 
other  sections.  In  1898  Dr.  W.  H.  Dall*  drew  up  a  correlation 
table  of  the  American  and  European  Eocene.  In  this  paper  he 
represents  the  combined  Eocene  of  the  Pacific  Coast  as  the 
equivalent  of  the  Midway  sta^e  of  the  Atlantic  and  Gulf  States, 
and  of  the  Cemaysian  of  Europe.  Thus,  accordin^r  to  his  views, 
the  Martinez  and  Tejon  groups,  taken  toprether,  form  the  lower 
Eocene.     Since  in  this  case  no  use  can  ])e  made  of  species,  as 


•18th  Ann.  Kept.  U.  S.  Geol.  Survey,  Ft.  2,  i)p.  327  348,  1898. 
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there  are  none  common  to  other  regions,  it  is  necessary  to  base 
correlation  on  the  maxima  of  genera.  For  comparison  with  the 
Martinez  fauna  the  following  important  localities  have  been 
selected;  the  Gulf  states,  the  Atlantic  states,  the  London  and 
Paris  Basins  and  the  Sind  district  of  Western  India. 

Compared  with  these,  the  fauna  of  the  Martinez  Group  is 
seen  to  be  a  distinct  unit.  Of  the  forty-nine  genera  listed,  only 
twenty-two  could  be  found  in  the  literature  on  the  Eocene  of  the 
Gulf  and  Atlantic  states.  No  species  were  found  in  common,  yet 
several  were  somewhat  similar.  This  fauna  has  its  closest  affini- 
ties with  that  represented  in  the  Midway  of  the  Gulf  states  and 
the  Aquia  stage  of  Mar>'land  and  Virginia.  The  correspondence 
to  the  Aquia  is,  however,  less  marked  than  to  the  IMidway.  Pro- 
fessor Clark*  considers  the  Aquia  and  Xanjemoy  together  to  rep- 
resent both  the  upper  and  lower  substages  of  the  Chickasawan  of 
the  Gulf  states,  and  also  he  considers  it  questionable  whether  the 
Eocene  is  represented  by  any  beds  in  the  Middle  Atlantic  slope 
older  than  the  Chickasawan.  The  fauna  of  the  Tejon  group 
bear  a  closer  similarity  to  both  the  Aquia  and  Chickasawan  than 
does  the  Martinez.  Since  the  Tejon  overlies  the  Martinez,  it 
would  seem  very  probable  that  if  any  correlation  of  the  latter 
can  be  made  at  all,  it  would  best  be  made  with  a  portion  of  the 
^lidway  as  rei)resented  in  the  (Julf  states,  and  with  that  portion 
of  the  lower  p]oeene  which  is  not  rei)resented  in  the  Maryland 
and  Vir<rinia  ro^rions.  Hence,  the  Martinez  may  represent  some 
poi'tion  or  all  of  the  lower  (juarter  of  the  Eocene. 

The  similarity  of  the  Martinez  fauna  to  that  of  the  London 
and  Paris  Basins  is  less  marked.  Sixteen  out  of  the  fortv-nine 
<renera  are  conniion  to  the  Eocene  of  the  London  Basin,  and  the 
fauna  cori'csponds  more  closely  to  that  of  the  Thanet  Sands  or 
lower  Eocene.  Fifteen  irenera  were  found  corresponding  to  those 
in  the  p]ocene  of  the  Paris  Basin,  and  bore  the  closest  resemblance 
to  the  Bracheux  beds,  which  are  considered  to  be  lower  Eocene. 

In  the  P^ocene  fauna  listed  by  .Mr.  W.  T.  Blanfordt  in  his 
memoir  on  the  Oeolo^^'  of  the  Western  Sind,  nine  genera,  but 
no  species,  were  found  which  occur  also  in  the  ]\Iartinez  group. 

^Kcpt.  Maryland  CJool.  Sur.  Eocene.  W.  B.  Clark,  p.  84,  1901. 
tMcmoirs  of  the  Geological  Survey  of  India,  Vol.  XVII,  i>p.  1-200,  ISSO. 
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The  genera  represented  in  both  resembled  most  closely  the  fauna 
of  the  Ranikot  group.  This  group  is  supposed  to  belong  to  the 
lower  Eocene.  The  small  number  of  common  forms  indicates 
that  there  was  probably  no  direct  faunal  connection  between 
India  and  the  Western  Coast  of  North  America  in  Martinez 
times.  The  same  view  is  arrived  at  by  Professor  J.  P.  Smith*,  in 
which  he  states  **in  the  upper  Chico  horizon  of  California  and 
Oregon  the  connection  with  India  appears  to  cease/'  and  ** dur- 
ing the  early  Tertiary  or  Tejon  epoch  in  California  we  have  no 
evidence  of  any  migration  from  Asia."  The  evidence  seems 
also  to  point  to  the  fact  that  during  this  period  the  Martinez  seas 
were  isolated  from  the  regions  of  the  southeastern  United  States. 
Later,  during  the  Tejon,  a  passage  was  possibly  opened. 

Although  these  localities  are  widely  separated,  and  only  a 
small  proportion  of  the  genera  is  common,  yet  there  seem  to  be 
sufficient  distinctive  forms  not  only  to  place  the  Martinez  Group 
in  the  Eocene,  but  also  to  show  that  it  represents  a  portion  or  all 
of  the  lower  quarter  of  the  Eocene. 

SUMMARY. 

From  the  foregoing  discussion  it  is  evident  that  the  Martinez 
represents  a  distinct  division  of  time  in  the  geological  history  of 
Calfomia.  It  contains  a  fauna  distinct  from  both  the  Chico 
and  the  Tejon.  On  the  average  it  is  composed  of  about  two  thou- 
sand feet  of  thick-bedded  sandstones,  together  with  some  shales^, 
thin-bedded  sandstones  and  conglomerates.  Its  geographical 
extent  as  at  present  known  is  confined  to  southern  Lake  County 
and  a  belt  extending  north  and  south  across  the  Strait  of  Kar- 
quines.  Its  position  in  the  geological  scale  seems  to  correspond 
most  closely  to  a  portion  or  all  of  the  lower  quarter  of  the  Eocene. 


•Periodic  Migrations  between  the  Asiatic  and  the  American  Coasts  of  the 
Pacific  Ocean,  by  J.  P.  Smith.    Am.  Jour.  Sci.,  Vol.  XVIl,  p.  224,  1904. 
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DESCRIPTION  OP  SPECIES. 

Pelecypoda. 

Lima  multiradiata  Gabb. 

Lima  multiradiata  Gabb,  1869,  Palaeontology  of  California,  Vol.  II,  p. 
201,  PI.  33,  fig.  101. 

This  shell  is  larg:e,  moderately  convex  and  only  slightly 
oblique.  The  posterior  side  forms  an  irregular  curve  from  the 
ear  to  the  base.  The  anterior  margin  is  concave  from  the  ear  to 
a  point  midway  to  the  base,  and  is  regularly  convex  below  that 
point.  The  surface  is  covered  with  numerous  radiating  ribs, 
each  of  which  in  the  vicinity  of  the  margin  is  narrower  than  the 
interspaces.  These  ribs  have  a  somewhat  wavy  appearance.  The 
surface  is  also  marked  by  several  large  and  numerous  smaller 
well  defined  lines  of  growth. 

Dimensions: — The  measurements  of  two  specimens  are  given. 
The  maximum  height  of  a  cast  of  the  first  is  92  mm.  Its  greatest 
width  is  88  mm.  The  second  specimen,  also  a  cast,  has  a  maxi- 
mum length  of  106  mm.  and  a  width  of  96  mm.  The  margins 
of  both  these  specimens  are  more  or  less  broken  away.  When 
restored  the  maximum  width  of  the  casts  would  about  equal  the 
distance  from  beak  to  base.  These  shells  closely  resemble  Lima 
nudtiradiata  Gabb  as  described  by  Stanton  from  Jjower  Lake. 
They  differ  in  that  they  are  less  oblique  and  much  wider.  The 
width  is  one-third  jrreater  in  propoilion  to  the  distance  from 
beak  to  base  than  in  the  ease  of  Lima  multiradiata  as  described 
by  Stanton.  Although  somewhat  different  in  form,  it  seems  best 
to  consider  these  specimens  as  multiradiata. 

Occurrence : — This  form  occurs  about  three  miles  to  the 
southwest  of  Martinez,  in  the  hills  to  the  west  of  Del  Hanibre 
Cafioii.  As  yet  it  has  been  found  only  in  the  lower  half  of  the 
Martinez  Group. 

Modiola  merriami,  n.  sp. 

Pl.  12,  Fig.  2. 
The  shell  is  thin,  elonjrated  and  moderately  convex.  The 
beaks  are  broad  and  not  very  prominent.  The  umbonal  ridge  is 
prominent,  rounded,  and  curved  only  slightly  downward.  The 
surface  is  marked  by  several  rather  prominent  concentric 
wrinkles.    There  is  no  radial  ornamentation. 
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Dimensions : — The  maximum  length  is  30  mm.  and  the  great- 
est width  15  mm. 

Occurrence: — This  form  has  been  found  about  three  miles 
southwest  of  the  town  of  Martinez,  associated  with  Lima  multi- 
radiata.  It  also  occurs  about  three  miles  south  of  Martinez,  on 
the  east  side  of  the  road  leading  to  Walnut  Creek.  It  is  charac- 
teristic of  both  the  upper  and  the  lower  Martinez  beds. 

Area  biloba,  n.  sp. 

PL.  12,  Fig.  4. 

The  shell  is  strongly  arched,  moderately  inflated  and  ine- 
quilateral. The  beaks  are  small,  incurved  and  grooved.  From 
the  interspace  between  the  two  heads  of  the  beak  there  runs  a 
moderately  deep  groove  over  the  surface  of  the  shell  toward  the 
base.  The  beak  is  located  about  one-third  the  distance  from  the 
anterior  end.  The  anterior  end  is  somewhat  narrow.  The  pos- 
terior end  is  obliquely  truncated.  The  base  is  broadly  rounded. 
Behind  the  umbonal  ridge  the  surface  is  nearly  flat.  The  sur- 
face is  marked  by  numerous  ribs,  and  these  are  crossed  by  many 
regular  lines  of  growth. 

Dimensions : — The  maximum  length  of  the  specimen  described 
is  9.5  mm.,  and  the  greatest  width  3.5  mm. 

Occurrence: — This  shell  has  been  found  about  three  miles 
southwest  of  Martinez,  in  association  with  Lima  jniiltiradiata, 
and  also  about  five  miles  southwest,  near  the  head  of  Vaca  Canon. 
It  occurs  in  both  the  upper  and  lower  beds. 

Tellina  martinezensis,  u.  sp. 

PL.   12,  Fig.  3. 

The  shell  is  small,  thin,  compressed,  and  about  twice  as  long 
as  the  distance  from  the  beak  to  the  base.  The  anterior  end  is 
rather  broad.  The  posterior  end  is  considerably  narrower  and 
truncated  obliquely.  The  beaks  are  small  and  nearly  central. 
The  basal  margin  is  convex.  A  ridge,  especially  well  marked 
near  the  beak  but  gradually  becoming  fainter  toward  the  base, 
passes  from  the  beak  to  the  posterior  basal  angle.  The  surface 
is  ornamented  by  numerous  small,  regular,  concentric  lines. 
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€8t  breadih  is  14  mm. 

Ooeorrenoe: — ^Thb  Bpemmsai  was  foand  idbooi  two  mileB  soolii 
of  MartiiieZy  on  the  eart  aide  of  the  road  reading  to  Walnut  Credc. 
It  oeenia  in  both  the  upper  and  lower  beda. 

Sdlan  staatoni*  n.  ap. 

PL.  18,  Iha.  1. 

The  ahell  is  thin,  elongated  and  moderately  ocniTex.  Hie 
cardinal  and  basal  mai^^  are  nearlj  paraUdL  The  beaks  are 
anterior.  The  base  is  straight  and  the  ends  somewhat 
rcmnded.  The  posterior  end  is  more  abruptly  truncated  than 
the  anterior.  The  surface  is  marked  by  faint  concentric  lines  of 
growth.  Passing  down  from  the  beak  to  the  base  of  the  anterior 
margin  there  is  on  each  side  a  deep,  sharp  constriction  which  is 
nearly  at  right  angles  to  the  hinge  line. 

Dimfflisbns  :^ — ^The  maximmn  laigth  of  the  type  specimen  was 
found  to  be  50  mm.    The  greatest  width  is  7  mm. 

Occurrence: — ^This  form  has  been  found  at  several  localities 
in  Contra  Ck>sta  County.  It  is  most  common  about  four  miles 
south  of  Martinez,  on  the  west  side  of  the  road  to  Walnut  Creek 
and  near  the  mouth  of  Vaca  canon.  As  yet  it  has  been  found 
only  in  the  upper  beds. 

Pholadomya  nasuta  Gabb. 

Pl.  12,  Fig.  6. 

The  specimen  which  was  described  in  Volume  I,  Palaeon- 
tology of  the  California  State  Geological  Survey,  is  distorted, 
and  hence  the  drawing  does  not  represent  the  normal  form.  In 
the  distorted  specimen  the  beak  is  too  high  and  narrow  and  the 
lip  slants  inward  from  beak  to  base.  Such  is  not  the  case  in 
normal  forms  which  are  now  known  from  perfect  specimens. 

This  shell  is  considerably  inflated,  beaks  moderately  high, 
broad  and  prominent.  Anterior  ends  incurved  and  approximated. 
The  posterior  end  is  produced  and  rounded.  The  anterior  end 
is  inflated  and  sharply  truncated.  The  surface  is  marked  by 
about  fourteen  strong  radiating  ribs,  which  are  present  only  on 
the  middle  of  the  shell.     Numerous  prominent  concentric  ribs 
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extend  to  the  shell  raargfin.  The  base  and  the  anterior  end  are 
closed  and  the  posterior  end  gapes  considerably.  The  lip  extends 
slijsrhtly  outward  in  the  upper  half  and  then  is  obliquely  trun- 
cated inward  toward  the  base. 

Dimensions : — The  length  of  the  specimen  described  is  69  mm. 
The  maximum  thickness  is  37  mm.,  and  the  distance  from  beak 
to  base  46  mm. 

Occurrence: — This  species  is  found  at  numerous  localities 
south  of  Martinez;  also  on  the  arsenal  grounds  at  Benicia.  It 
is  characteristic  of  both  upper  and  lower  beds. 

Thracia  karquinesensis,  n.  sp. 

PL.  12,  Fig.  5. 

The  shell  is  thin,  moderately  convex  and  marked  with  con- 
centric striae.  The  beaks  are  prominent  and  located  about  one- 
third  the  distance  from  the  anterior  end.  The  base  is  nearly 
straight.  The  upper  margin  of  the  wing  is  nearly  parallel  to  the 
base.  The  anterior  end  is  rounded  and  the  posterior  somewhat 
produced,  the  body  of  it  where  it  joins  on  to  the  wing  sloping 
downward  toward  the  base  and  making  an  angle  of  about  forty- 
five  degrees. 

Dimensions: — The  maximum  length  of  this  specimen  is  29 
mm.,  and  the  distance  from  beak  to  base  15  mm.  Only  one  speci- 
men has  been  found. 

Occurrence: — This  form  was  found  about  two  and  one-half 
miles  south  of  ^lartinez,  on  the  west  side  of  the  road  to  Walnut 
Creek.    It  occurred  in  the  upper  beds  of  the  Mailinez. 

GASTEROPODA. 

Architectonica  tuberculata,  n.  sp. 

Pl.  12,  Figs.  7  &  7a. 

The  shell  is  small,  the  spire  low,  and  the  number  of  slightly 
convex  whorls  present  is  six.  The  surface  is  marked  by  a  number 
of  small  tubercular  ribs.  There  are  eight  ribs  to  each  whorl. 
This  description  is  taken  from  a  cast. 

Dimensions: — The  diameter  was  found  to  be  9  mm.,  and  the 
distance  from  base  to  apex  2  mm. 
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Oeciirrenee: — ^The  loedity  k  about  two  and  ome-jialf  mllea 
acmth  of  Maitinei,  on  the  w«8t  aide  of  the  road  to  Walimt  Creek. 
It  oeenra  onl^  in  the  upper  Martines  bedi*  . 


IMioolidiz  CaUfoniteiii,  n^^p. 

PL.  I2i  Fla.  9. 

The  ahell  ia  of  the  typieal  diaoohelix  form.  The  nmnber  of 
whorla  ia  five.  The  eharaeteriatie  an|^  are  diarp,  eapeeially  on 
the  oat^  whorl.  The  first  whorl  ia  more  prominent  on  the  upper 
than  on  the  lower  aide.  The  upper  aide  of  the  aheU  ia  flat  to 
aiic^tly  Gimeave.  The  anrfaee  ia  amooth  and  the  aperture  nearly 
aquare. 

Dimenaiona: — ^The  apeeimena  are  not  perfectly  circular,  due 
to  diatortion.'  The  maximum  diameter  ia  21  mm.  and  the  mini- 
mum diameter  of  the  same  specimen  19%  mm.  The  width  of  the 
outer  whiMrl  ia  4.5  mm. 

Occurrence: — ^It  ia  moat  commcm  about  four  milea  to  the 

■ 

aouthweat  of  Martines,  on  the  west  aide  of  the  Dd  Hambre  Canon 
road.    It  occurs  in  the  lower  bedsi  <mly. 


ToxiteUa  oonica,  n.  sp. 

PL.  13,  Fig.  2. 

The  shell  is  moderate  in  size  and  rather  robust.  The  number 
of  whorls  present  is  nine.  They  increase  rapidly  in  size  and  are 
flat  to  slightly  convex  on  the  outer  face.  The  suture  is  impressed. 
Each  whorl  is  marked  by  five  distinct,  equidistant,  revolving 
ribs,  the  lower  three  of  which  are  very  prominent.  Between  these 
are  several  fine  stri«.    The  aperture  is  subquadrate. 

Dimensions : — The  maximum  length  of  the  specimen  described 
is  18  mm.    The  maximum  diameter  is  7.5  mm. 

Occurrence: — It  is  common  on  the  west  side  of  the  road  be- 
tween Martinez  and  Wanut  Creek,  about  three  miles  south  of 
Martinez. 

Xenaphora  zitteli,  n.  six. 

PL.  12,  Fig.  8. 

Three  specimens  have  been  found.  The  largest  of  these  has 
seven  nearly  flat  whorls.  The  spire  is  low.  The  base  is  nearly 
flat.    The  aperture  is  obliquely  quadrilateral.    A  line  joining  the 
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outer  edge  of  the  last  whorl  with  the  apex  makes  an  angle  of 
about  forty-five  degrees  with  the  base.  The  whorls  are  covered 
with  extraneous  objects,  which  appear  to  be  pebbles  of  quartz 
ranging  up  to  15  mm.  or  more  in  diameter. 

Dimensions: — The  diameter  of  the  type  specimen  is  87  mm 
Height  from  apex  to  base,  57  mm. 

Occurrence : — Found  southwest  of  Martinez,  on  the  west  side 
of  the  Del  Hambre  Caiion  road.  This  species  occurs  only  in  the 
lower  beds  of  the  Martinez  group. 

Ficopsis  angulatus,  u.  sp. 

PL.  13,  Fig.  5. 

Spire  low,  with  four  or  five  angular  whorls.  The  body  whorl 
is  marked  by  three  prominent  equidistant  angles  which  distin- 
finish  it  from  Ficopsis  remondi.  The  surface  between  the  angles 
is  concave.  The  surface  of  all  the  w^horls  is  marked  by  numerous 
sharply  defined  fine  revolving  lines  and  linear  ribs  which  cut  it 
into  minute  squares.  The  space  between  these  ribs  is  concave  to 
flat. 

Dimensions: — Maximum  length  from  base  to  apex  is  6  mm. 
The  greatest  width  is  4  mm. 

Occurrence: — About  three  miles  south  of  INIartinez,  on  the 
east  side  of  the  road  to  Walnut  Creek.  It  occurs  onlv  in  the 
upper  beds. 

Urosyca  robusta,  n.  sp. 

Pl.  13,  Fig.  1. 

The  spire  is  YQvy  low.  The  whorls  number  six.  On  the  body 
whorl  there  are  four  very  prominent  and  nearly  equidistant 
nodose  revolving  ribs.  On  the  lower  part  of  the  body  whorl  there 
are  numerous  fine  revolving  striae.  The  aperture  is  broad.  The 
canal  is  long  and  from  the  impression  in  the  matrix  appears  to 
be  slightly  twisted.  This  species  differs  from  Urosyca  caudata  in 
the  constant  presence  of  a  fourth  revolving  nodose  rib. 

Occurrence: — This  species  occurs  near  the  base  of  the  beds. 
Urosyca  caudata  has  been  found  in  both  divisions  of  the  Martinez. 
Found  southwest  of  Martinez,  on  the  west  side  of  the  road 
through  Del  Hambre  Canon. 


laO  UmvenUif  of  Califanm  PubVeoihm.        [Qkomt 

1311011111111  impraisiiiiif  n.  sp. 

Pu  18,  Fie.  8. 

The  shell  is  moderatelb^  long.  The  spiie  is  elevated.  The 
number  of  whorls  is  Ave.  The  seooad  whorl  is  aboat  one-third 
the  hei^t  of  the  body  whorL  The  snrftioe  of  the  whcnis  is  mod- 
erately eonvez.  The  mouth  is  broad.  The  satnre  n  deep.  The 
snrfaee  is  marked  by  numerons  small  kmgitadinal  ribs.  The 
▼ariees  are  moderately  large  but  few. 

Dimensions : — ^The  dktanee  fnmi  base  to  apex  is  28  mm.,  and 
the  maximnm  width  of  the  l>ody  whorl  14  nmi. 

Oeennenee . — ^Three  miles  southwest  of  Martinez  and  west  of 

the  Del  Hambre  Cafion  road.    It  occurs  in  the  upper  beds  only. 

\ 

Tritoniiini  eooemeum,  n.  sp. 

PL.  13,  FSQ.  4. 

The  spire  is  moderately  elevated.  The  whorb  are  five  in 
number,  possibly  six.  Th^  suppoort  broad,  prcmiinent  transverse 
ribs,  of  which  there  are  about  twelve  on  the  body  whorl.  Tbese 
ribs  are  slightly  oblique  and  msy  be  almost  sinuous.  They  are 
about  <me-half  as  broad  as  the  interspaces.  These  ribs  are  crossed 
by  numerous  well  marked  revolving  striae.  The  few  varices  are 
well  marked.    Only  one  specimen  was  found. 

Dimensions: — The  distance,  measured  from  apex  to  base,  is 
10  mm.    The  maximum  width  is  6.5  mm. 

Occurrence: — About  two  and  one-half  miles  south  of  ^lar- 
tinez,  on  the  east  side  of  the  road  to  Walnut  Creek.  It  has  been 
found  in  the  upper  beds  only. 

Tritonium  pulchrom,  n.  sp. 

PL.  13,  Fig.  6. 

This  shell  is  fusiform  and  turreted.  The  spire  is  high  and  the 
number  of  whorls  is  eight.  They  are  sharply  angiilated  and  the 
slope  nearly  straight  above.  The  body  whorl  is  convex  l)elow. 
The  surface  is  marked  by  numerous  longitudinal  and  revolving 
ribs.  ITpon  the  body  whorl  are  twenty-six  revolving  ribs.  Nine 
of  these  were  above  and  seventeen  below  the  angle.  The  varices 
are  very  prominent,  about  ten  in  number  on  each  whorl,  and 
support  prominent  nodes  on  the  angles  of  the  whorls.  , 
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Dimensions: — Distance,  measured  from  apex  to  base,  is  34 
mm.    The  maximum  width  of  the  body  whorl  is  16  mm. 

Occurrence: — About  two  and  one-half  miles  south  of  Mar- 
tinez and  on  the  west  side  of  the  road  to  Walnut  Creek.  Its  geo- 
lo^cal  range  is  confined  to  the  upper  Martinez  beds. 

Fusus  aequilateralis,  n.  sp. 

PL.  13,  Fig.  7. 

The  shell  is  small  and  elongated.  The  whorls  number  six. 
They  are  very  convex  and  prominently  angulated.  The  upper 
and  lower  faces  are  equal  and  slightly  convex.  The  suture  is 
distinct.  The  spire  is  high.  The  canal  is  long  and  straight.  The 
surface  of  each  whorl  is  marked  by  nine  or  ten  quite  large  nodes 
on  the  angles.  This  form  resembles  Fusiis  martinezensis  very 
closely,  but  differs  in  the  greater  length  of  the  spire,  in  the 
prominence  of  the  angles  upon  the  whorls,  and  in  the  nodes  upon 
the  angles. 

Dimensions: — The  distance,  measured  from  apex  to  base,  is 
21  mm.    The  maximum  width  of  the  body  whorl  is  8  mm. 

Occurrence: — The  type  specimen  was  obtained  about  five 
miles  south  of  Martinez  and  one  and  one-half  miles  north  of 
Grayson  Creek.    It  occurs  only  in  the  lower  beds. 

Perissolax  tricamatus,  n.  s]). 

PL.  13,  Fkj.  9. 

Shell  elongated,  spire  moderately  elevated.  Whorls  six  in 
number.  The  body  whorl  is  ornamented  by  three  prominent 
revolving  carinae.  The  upper  two  form  prominent  nodose  angles 
on  the  whorl  and  separate  a  slightly  concave  middle  portion  from 
the  sharply  sloping  upper  and  lower  areas.  A  short  distance 
below  the  lower  of  these  two  angles  is  the  third  carina,  which  is 
less  prominent  and  is  scarcely  nodose.  The  remaining  whorls 
show  only  the  upper  carina.  The  aperture  is  elongated  and 
narrow.  The  presence  of  the  three  revolving  ridges  on  the  body 
whorl  seems  to  be  a  constant  character  for  all  specimens  collected 
in  this  region,  and,  as  no  intermediate  forms  appear,  it  seems 
best  to  regard  this  as  a  new  species,  distinct  from  Perissolax 
blakci  Gabb  of  the  Tejon. 


Dimensions: — The  Ipiifrt.h  from  the  broken  end  of  the  eanal  ' 
to  the  apex  is  27  mm.    The  niaximuni  width  of  the  bodi"  whor! 
in  19  mm. 

Oecurrenee : — Southwest  of  Martinez  and  west  of  the  Del 
Ilambre  Canon  road.  It  has  al«o  been  found  at  Benicia.  on  the 
r.  S.  arsenal  prounda.  about  two  hnndred  yards  northwest  of 
Army  Point  railroad  station,  and  in  southern  Lake  County 
about  one  mile  southeast  of  the  town  of  Ijower  Lake.  I' 
in  both  the  upper  and  hiwer  beds. 

Bullinula  snbglobosa,  n.  sp. 

PL.   13,  Fiu.  «. 

'ITie  shell  is  atiiall  and  sub-elobose.  The  spire  is  low  but  acute 
The  whorls  number  five.  The  aperture  is  broad.  The  surfw 
is  marked  by  i-e}nilar  lines  of  growth  and  by  numerous  verj-  1 
impressed  revolvinp  striae. 

Dimensions: — The  height  in  8  mm.  and  the  width  a  mm. 

Occurrence :— About  three  and  one-half  miles  south  of  Mara 
tinez  and  west  of  the  road  to  Walnut  Creek.     It  oceurs  only  I 
the  upper  beds. 

AotaeoD  lavsoni,  n.  sp. 

PL.  13,  Fig.  10. 

The  shell  is  subovoid  and  elongated.  The  number  of  whorls 
is  five.  They  are  very  regularly  rounded.  The  suture  is  chan- 
neled. The  entire  surface  of  all  the  whorls  is  marked  by  numer- 
ous narrow  revolving  ribs.  There  are  thirty-two  ribs  on  the  body 
whorl,  and  these  are  connected  by  numerous  very  minute  lines. 
The  aperture  is  narrow.  The  extremity  of  the  columella  shows 
distinct  plications. 

Dimensions: — The  lenfrth  from  base  to  apex  is  9.5  mm.,  and 
the  maximum  width  of  the  bqdy  whorl  is  6  mm.  The  specimens 
appear  to  be  slightly  compressed. 

Occurrence  r^Three  miles  southwest  of  Martinez  and  west  of 
the  Del  Hambre  Caiion  road.  It  occurs  only  in  the  lower  beds, 
but  noar  the  top  of  that  division. 
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CRUSTACEA. 

CANCER  (Lin.)  Leach. 

Cancer?  sp. 

PL.  13,  Fig.  11. 

All  that  remains  of  the  specimen  is  a  poi'tion  of  the  carapace, 
and  from  this  it  is  at  prasent  impossible  to  determine  the  genus 
and  species  more  accurately  than  to  show  that  it  closely  resem- 
bles the  prenus  Cancer. 

Dimensions: — The  maximum  breadth  is  29  mm.,  and  the 
len«rth  is  21  mm. 

Occurrence: — About  four  miles  south  of  iMartinez  and  east 
of  the  road  to  Walnut  Creek.    It  occurs  in  the  upper  beds. 


University  of  California. 
February,  1905. 
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Fig-  2.  —  tlodiola  mcrriaiHi,  a.  sp.     Nm.  rixr. 

Fig.  3.  —  TeUina  tmirliofiriutin,  u.  bjv.     Xl',;-. 

Fig.  4.— Jrrti  bilnba,  n.  up.     Xst.  siic. 

Fig.  5.— T'hrui'Mi  liinjviiintriiMA.  n.  sp.    Nai-  nite. 

Fig.  6.— Phaiadomya  ncuuta  Gsbb.    NbL  biko. 

Fig.  T.  —  Arfhilectimiett  tuberetilata,  n.  ap.     X—  

fig.  7o.— Upper  8i<lc  of  body  whorl  of  apedmon  shown  in  ig.  T.    X5. 

Fig.  S.— Xcnopkura  littrti.  a.  gp,     X%. 

Fig.  0. — i>uciiAcJTX  cuUfomicBB,  II.  Bi>.     Nnl.  iui«. 


BULL.  DEPT.  GEOL.  UNIV.  CAL. 


Pthe 


^E^. 


fOBi 


pUBLi 


fuBRKBf 


k«T*lffi 


.ttOH 


tlfc.*^ 


n^  »;■  '»v 


,•^tt>♦' 


] 


EXPLANATION  OP  PLATE  13. 


ilg.  l.—Vrasuea  robuaia,  n.  ep.    Nat.  sixe. 
Hg.  2.— Tfcm^Ia  eoniea,  n.  sp.    Xl%. 
Fig.  3.— Trttontum  tmpr^MiiYii,  n.  sp.    Nat  siie. 
Fig.  A^^Tritonium  eocenicum,  n.  sp.     X2. 
Fig.  S.-^Fieaptia  angulatvM,  n.  sp.     X2. 
fig.  B.—THionium  ptdehrum,    Nat.  aiie. 
Tig,  7,'-Fnsu8  oegnttaferalw,  n.  sp.    Xl%. 
fig.  8.~J?iininii2a  ««frp{o6<Ma,  n.  sp.     X2. 
Fig.  9.—Perissolax  iricarnatus,  n.  sp.    Nat.  size. 
Fig.  10. — Actaeon  lawsoni,  n.  sp.     X3. 
Fig.  11.— Caiicer  (?),  sp.     Xat.  size. 
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INTRODCCTION. 

In  the  mammalian  collections  obtained  in  the  flohn  Day 
region  by  the  University  of  California  parties  of  1899  and  1900 
there  are  a  number  of  foniis  which  are  new  to  science,  and  others 
which  have  been  only  imperfectly  described.  Of  these  collections 
Professor  Merriara  has  turned  over  to  the  writer  the  ungulate 
and  i"odent  material  for  study  and  description. 

In  the  following  paper  no  attempt  is  made  to  discuss  the  rela- 
tions of  the  faunas  with  which  the  described  species  are  associ- 
ated. In  a  later  article  by  Professor  Merriam  and  the  w^riter, 
there  will  be  presented  a  general  discussion  of  the  relations  of  the 
series  of  mammalian  faunas  known  in  this  region. 


rl  maniUblc,  No.  83,  Oniv.  nf  Cni.  Poliw- 

KiJii,   Miilille  John   I>uj.     Tiirlle  Covu. 

Sinhller  than  P.  netaatodon.  Tpper  miilnr)!  with  two  princi- 
pal and  two  subsiiliary  L-namei  inflections  on  the  outer  side  of  the 
bwtli  wvwB.    . 

The  flnt  two  moUra  of  Um  snpmor  tetim  art  ]^!e- 
served  in  a  fragmoit  of  the  left  wiTiHiiTy.  Tfafy  are  low 
crowned  and  tubAnttlate.  'Thfr  rahn^Mcjr'  txmauA  infleetiona  an 
aitaated  respectively  anterior  and  poaterior  to  the  two  pimc^pal 
external  enamel  loopa,  and  would  danmMar  ware  Uie  tmA 
id^tlf  more  worn.  In  Hi  there  ia  one  wide  eztemai  and  two 
oarrower  internal  enamel  invaginatuHU.  The  moond  and  third 
lower  moUm  are  r^reamted  by  the  roots  ooiy.  The  knrer  in- 
^BN  ia  delioatdlf  grooved  on  the  outer  faee. 


Length  M'  to  M'  inclusive  3.6  nn 

Length  M,  to  M.  ineliisive,  on  alveolar  border 4 

Length  M,  antero-porteriorly 1.5 

Depth  of   ramus  below   M, 3.3 

ENTOPTYCnUS  SPERKVI,  n.  Sp. 
PI.   14,   FigB.  6  and   7. 
TjiM.— Cranium  and  mandible,  No.  S35,  Univ.  of  Cat  PaUeonL    Coll. 
Locality.— PromerytochoeruB  beds,  Upper  John  Day,     Haystack  VaUey, 
Wheeler  V.o.,  Oregon. 

Rostrum  long  and  broad.  Interorbital  region  concave.  Super- 
ciliary ridges  strongly  developed,  with  abrupt  posterior  termina- 
tion. Temporal  ridges  low,  conver(i;iDg  from  the  posterior  ex- 
tremities of  the  superciliary  borders  to  form  a  prominent  sagittal 
crest.  Mandibular  symphysis  with  long  straight  superior  border 
separated  from  P,  by  a  short  concavity.    Size  large. 

E.  sperryi  may  be  distinguished  from  E.  ptanifrons  by  the 
ilat  forehead  and  absence  of  temporal  ridges  in  the  latter  species. 
In   E.   lambdoideus  "there  is  no  ridge-like  thickening  of  the 
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supraorbital  border.  It  presents,  on  the  contrary,  a  subacute 
superior  edge,  flush  with  the  inferior  part  of  the  same  border. 
These  edges  leave  the  orbital  border  posteriorly,  and  converge  in 
straight  lines  to  an  acute  angle,  forming  two  temporal  ridges.'' 
*  E.  minor  is  much  smaller  than  E.  sperryi  and  the  other  species 
of  the  genus  and  like  E.  plamfrons  is  *  ^  characterized  by  the  per- 
fectly flat  interorbital  region  and  the  absence  of  temporal 
ridges."  fin  E.  cavifrons,  the  superciliary  margins  ^*do  not 
meet  nor  converge  to  form  a  sagittal  crest.  They  are  thickened, 
forming  two  subparallel  ridges  which  are  separated  by  a  shallow 
concavity  of  the  frontal  bone."  *  In  E.  crcussiramis  the  ** inter- 
nal orbital  walls  are  rolled  inward  at  the  supraorbital  region  so 
as  to  meet  at  a  point  opposite  the  posterior  border  of  the  orbital 
space.  Opposite  the  anterior  part  of  the  orbit,  the  ridges  are  more 
widely  separated,  so  that  the  interspace  is  a  narrow  wedge- 
shaped  fossa,  opening  forwards."  §  Temporal  ridges  are  wanting 
and  the  sagittal  crest  is  weak.  The  mandible  differs  from  E. 
sperryi  in  the  absence  of  the  long  horizontal  symphysial  border 
characteristic  of  that  species.  In  E.  crassiramus  the  superior 
mandibular  border  between  the  base  of  the  incisor  and  the  alve- 
olus of  P4  is  broadly  concave. 

The  new  species  is  named  in  honor  of  its  discoverer,  !Mr.  J.  C. 

Sperry. 

Measurements. 

LeDgth  of  skull,  supraoccipital  to  premaxillae  inclusive 50    mm 

Interorbital  width    6.5 

Width  across  zygomatic  arches   35 

Width  of  me<lian  portion  of  rostrum 11 

Depth  of  rostrum  at  incisive  foramina 9.5 

Leniafth  of  rostrum  from  base  of  P4  to  anterior  end  of  premaxillae.. 24.5 

Length   of   nasals,   approximate 23.5 

Length  P*  to  M'  inclusive,  on  alveolar  border 11 

Length  P^  to  M,  inclusive,  on  alveolar  border 8.5 

P*,  antero-posterior  diameter ; 2 

P*,   transverse  diameter    2.5 

\P,  antero-posterior  diameter   2 

M\  transverse  diameter   3 

•  E.  D.  Cope.     Tertiary  Vertebrata,  p.  8(51. 

fibid. 

t  E.  D.  Cope,  ibid.,  p.  862. 

5E.  D.  Cope,  ibid.,  p.  864.     PI.  LXIV,  Fig.  5a. 
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M',  antero-posterior  diameter  1.5mm 

M',  transverse  diameter   2 

P4,  antero-posterior  diameter    2.5 

P4,  transverse  diameter    .' 2 

Ml,  antero-posterior  diameter   1.75 

Mj,  transverse  diameter    2.25 

Ma,  antero-posterior  diameter   2 

M3,  transverse  diameter   2 

ENTOPTYCHUS    ROSTRATUS,    11.    Sp. 
PI.  14,  Figs.  8  and  9. 

Type— Cranium,  No.  T65T,  Univ.  of  Cal.  Palaeont,  Coll. 
Locality.— Promerycochoenis  beds,  Upper  John  Day.    Haystack  Valley, 
Wheeler  Co.,  Oregon. 

Skull  and  rostrum  longer  than  in  any  other  described  species 
of  Entoptychus. 

Compared  with  E.  sperryi,  the  rostrum  is  not  only  longer  but 
deeper,  although  the  width  is  the  same.  The  nasals  are  narrow 
posteriorly  and  are  not  separated  by  a  frontal  process.  Anter- 
iorly they  are  as  wide  as  in  E.  sperryi.  The  interorbital  region 
is  imperfectly  preserved  and  it  is  not  possible  to  determine  its 
character.  The  upper  teeth  are  badly  worn.  P*  is  apparently 
the  largest  tooth  in  the  superior  series,  the  molars  decreasing  in 
size  posteriorly. 

The  specific  name  refei-s  to  the  jxreat  length  of  the  rosti-iim. 

Measl'rements. 

Lengtli  of  skull,  sii])ra()coipitMl  to  preinaxillae  inclusive oo.oinm 

Interorbital   width,   aj>j)roxiraate    7 

Width    at    middle   of    rostrum 11 

Depth  of   rostrum   at    incisive  foramen 11 

Length  of  rostrum  from  base  of   I**  to  anterior  end  of  premaxillae..27.5 

Length    of    nasals    27..') 

Length   I*^  to   "SV  inclusive,  on  alveolar  border \) 

}^,   antero-posterior    diameter    2.2 

P*,    transverse    diameter    2 

M',  antero-posteri<^r   diameter    1.9 

M\   transverse   <liameter    2 

HVPEKTRAGULrS.    Sp. 
PI.  14,  Fig.  3. 

All  doubt  re»:arding  the  inferior  dental  formula  of  Hypertm- 
gulus  is  removed  by  the  speeimeu  illustrated  on  Plate  14.  Fig.  3, 
(No.  T343,  Univ.  of  Cal.  Palaeout.   Coll.)    from  the   Proinery- 
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cochoenis  beds  on  Rudio  Creek,  Grant  Co.,  Oregon.  Three  small 
incisors  and  an  incisiform  canine  are  represented  by  roots.  The 
crowns  and  a  portion  of  the  adjacent  alveolar  border  have  not 
been  preserved.  Pj  was  functional  as  a  canine.  Its  crown  is  unfor- 
tunately missing.  Pj  is  also  broken  off,  but  the  roots  remain  and 
are  separated  by  long  diastemata  from  Pj  and  P3.  Small  ledge- 
like cuspules  are  present  on  the  sides  of  the  outer  molar  cresents 
and  in  the  intervening  valleys,  except  in  M3  where  they  are 
developed  only  on  the  antero-external  crescent  and  in  the  valley 
behind  it.  There  is  but  one  mental  foramen,  situated  anterior 
to  Pj.  In  the  specimen  figured  by  Scott*,  there  is  an  additional 
mental  foramen  below  P3,  and  the  mandible  is  somewhat  deeper 
than  in  No.  1343.  The  posterior  portion  of  the  ramus  is  not 
preserved  and  has  been  restored  in  outline,  together  with  the 
crown  of  the  canine,  to  correspond  with  Scott's  figure. 

Measurements. 

Length  I1-M3  inclusive    61    mm 

Length  Pj-Mj  inclusive   35 

Length  of  diastema  behind  P, 3.5 

Depth  of  ramus  at  middle  of  P, 9 

ALLOMERYx  PLANiCEPS,  u.  gen.  and  sp. 

PI.  14,  Figs.  1  and  2. 

r^pe.— Cranium,  No.  104,  Univ.  of  ('al.  Pahieont.  Coll.  The  cranium 
lacks  the  portion  anterior  to  P^  and  is  without  mandible. 

Locality. — Diceratherium  beds,  Middle  John  Day.  Turtle  (.'ove  on  the 
South  Fork  of  the  John  Day,  Grant  Co.,  Oregon. 

Distinctive  Characters. — Dentition  f,  ?/-,-.  P^  three  rooted. 
P*  with  inner  and  outer  crescents.  Molars  without  niosostyle,  ex- 
terna] ribs  prominent  and  about  equally  developed.  ^Vletastyle 
on  ^P  much  produced.  Forehead  flat.  Sagittal  crest  low  and 
not  elevated  above  interorbital  plane,  terminating  posteriorly  in 
a  prominent  triangular  knob.  Brain  case  well  rounded  at  sides, 
somewhat  flattened  above.  Orbits  prominent  and  completely 
inclosed  with  strongly  developed  frontal  and  jugal  processes.  A 
prelachrymal  vacuity  present.  Bullae  small,  with  outgrowth  of 
petro.saI  between  bulla  and  basioccipital. 

♦  W.  B.  Scott.  Trans.  Wagner  Free  Inst.  Sci.,  Vol.  VI,  PI.  1,  Fig.  3. 
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Cranium. — The  cranium  had  suflPered  considerably  from 
weathering  previous  to  the  discovery  of  the  specimen,  and  lacks 
all  of  the  region  anterior  to  P-  and  parts  of  both  ju^l  arches. 
Superiorly  the  forehead  is  broad  and  flat,  slightly  domed  post- 
eriorly along  the  line  of  the  median  suture.  The  temporal  ridges 
unite  at  about  the  anterior  third  of  the  length  of  the  brain  case  to 
form  a  sagittal  crest,  which  does  not  rise  above  the  frontal  plane 
and  terminates  posteriorly  in  a  prominent  triangular  knob.  The 
brain  case  is  somewhat  flattened  above  and  moderatelv  con- 
stricted  back  of  the  orbits.  The  lateral  walls  are  well  rounded. 
Above  each  orbit  is  a  small  supraorbital  foramen  from  which  a 
shallow  groove  extends  anteriorly. 

The  back  of  the  skull  is  narrow  above,  where  the  supraoccipi- 
tal  forms  the  posterior  border  of  the  knob-like  occipital  crest.  A 
narrow  median  keel  is  present  but  fades  out  toward  the  upper 
border  of  the  foramen  magnum. 

In  the  lower  view  (PI.  14,  fig.  2)  the  bullae  are  seen  to  be 
small,  resembling  those  of  Leptomeryx.  They  are  separated 
from  the  basioccipital  by  a  prominent  outgrowth  of  the  petrosal. 
Anterior  to  the  bullae,  a  larcre  foramen  appears  to  represent  the 
conjoined  foramen  rotundum  and  foramen  ovale,  but  as  the 
skull  is  somewlint  fi'nctured  in  this  re^rion  the  eoiifiuence  of  the 
two  foramina  can  iDt  he  fully  verified.  A  foramen  of  consider- 
able size  occupies  the  interval  bet^^een  the  inner  end  of  the  i)ost- 
irlenoid  j)i-ocess  and  Ihe  bulla.  The  posterior  palatine  border  has 
been  somewhat  crushed  and  the  outlines  are  sliirhtlv  restored  in 
the  fi^^ure. 

In  the  lateral  aspect  of  the  cranium  (PI.  14.  fi«.r.  1)  the  orbits 
are  seen  to  he  lar»re  and  entirely  enclosed.  The  frontal  and  jugal 
[)rooes.ses  ovei'lap,  hut  are  not  completely  fused.  The  juiial  bor- 
der is  more  proiiiinent  than  the  frontal,  indicating  that  the  eye 
faced  upward.  The  laclnymal  and  anterior  frontal  border's  of 
the  orbit  are  niannnilated.  A  prelachiymal  vacuity  is  present. 
This  j)ortion  of  the  skull  has  sull'tMvd  from  weathering  and  the 
exact  border  of  the  vacuity  is  not  well  shown  in  the  iigure,  but 
the  roundinir  of  the  unfractured  free  edires  of  the  maxillarv 
and  lachrvmal  niav  be  seen  with  the  aid  of  a  lens. 
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Dentition. — The  teeth  are  short  hypsodont  and  are  well  worn, 
indicating  the  fully  adult  and  somewhat  apred  condition  of  the 
animal.  Only  the  posterior  root  of  P-  is  represented.  P^  is  sup- 
ported by  three  roots,  but  the  crown  is  too  poorly  preserved  to 
permit  description.  P*  is  composed  of  two  crescents,  an  outer 
and  an  inner.  The  molars  are  without  mesostyle,  with  the  ex- 
ternal ribs  prominent  and  about  equally  developed.  In  AP  the 
metastyle  has  considerable  posterior  prolontration  extending 
above  the  alveolar  border  as  a  lamina  of  the  postero-external  root. 

Affinities. — The  new  genus  finds  its  closest  affinities  among 
the  Ilypertragulidae,  in  which  family  it  mny  be  placed.  The 
skull  is  larger  than  in  Hijpisodus  and  of  a  different  shape.  The 
bullae  are  much  smaller,  approximating  in  size  those  of  Lcp- 
t ornery X.  It  may  be  distinguished  from  Lcptomeryx  by  the  com- 
plete closure  of  the  orbit,  the  flatness  of  the  top  of  the  skull 
and  the  projecton  ot  the  petrosal  between  the  bullae  and  the 
basioccipital.  In  Lcptomeryx,  the  bulla  is  *' separated,  as  in  the 
deer,  from  the  basioccipital  by  a  large  reniform  foramen  within 
which  a  portion  of  the  petrosal  is  visible. '  ■  *A  mesostyle  is  pres- 
ent on  the  molars  of  Lcptomeryx,  and  there  is  no  posterior  ex- 
tension of  the  metastyle  on  M'^  comparable  to  the  structure  devel- 
oped in  Allomeryx. 

Ilypertragulus  agrees  with  the  new  genus  in  the  absence  of 
mesostyle,  but  the  orbit  is  incompletely  closed  and  jugal  pro- 
cesses are  wanting,  f  The  brain  case  is  not  as  long  as  in  Allo- 
meryx,%  and  there  is  no  extension  of  the  petrosal  on  the  inner 
side  of  the  bulla.  In  Allomeryx  the  interorbital  tract  and  the 
superior  border  of  the  sagittal  crest  lie  in  the  same  plane.  This 
Ls  not  true  for  the  other  membei*s  of  the  Ilypertragulidae.  The 
palatine  region  also  differs  from  both  Lcptomeryx  and  Hyper- 
tragulus.  In  neither  of  these  genera  does  the  palatal  border  of 
the  nares  extend  anteriorly  between  the  posterior  molai-s  as  in 
Allomeryx. 


*  J.  Leidy,  Ext.  Mamm.  Fauna  of  Dakota  and  Nebraska,  p.  1(58  and  PI. 
XIV,  fig.  4. 

t  W.  B.  Scott,  Trans.  Wagner  Free  Inst.  Sci.,  Vol.  VI,  p.  18,  1899. 

♦  Compare  PI.  14,  fig.  2,  with  Scott,  op.  cit.,  PI.  1,  fig.  4. 
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ELOTHERIUM  CALKINSI,  D.  Sp. 
PI.    15. 

Type.— Cranium  and  mandible,  several  cervical  vertebrae  and  portions  of 
fore  and  hind  limbs,  No.  953,  Univ.  of  Cal.  Palaeont.  ColL 

Locality.— V^^er  part  of  the  Promerycochoerus  beds,  Bridge  Creek, 
Wheeler   County,   Oregon. 

Chin  rounded,  without  knob-like  bosses.  Posterior  mandi- 
bular protuberances  small  and  hollow.  Jugal  processes  plate- 
like, with  thickened  rib,  directed  posteriorly,  not  extending  be- 
low inferior  mandibular  border.    Size  large. 

The  teeth  are  greatly  worn  and  partially  shed,  with  closure  of 
the  alveoli,  indicating  the  extreme  senility  of  the  individual.  P*  to 
P^  are  double-fanged,  with  simple,  laterally  compressed  crowns. 
P*  is  separated  from  the  canine  by  a  short  diastema  (9.5  mm). 
Between  P^  and  the  alveolus  of  P^  there  is  a  considerably  greater 
interval  (27  mm).  In  the  figure  (PL  15)  P-  is  not  shown,  as  this 
tooth  has  been  shed  from  the  left  maxillary.  P'  is  in  practically 
continuous  series  with  P*  and  the  molars.     P*  is  supported  by 
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three  roots.  The  crown  has  two  cusps,  a  protocone  and  a  deutero- 
cone  and  there  is  a  strong  external  cingulum.  The  pattern  of 
of  the  anterior  molars  is  entirely  obscured  by  wear.  Anterior 
and  posterior  cingula  are  rather  prominently  developed.  M'  was 
found  separate  in  the  matrix.  In  this  tooth  the  broad  dome- 
shaped  hypocone  is  unworn,  while  the  remaining  cusps  are 
much  reduced.  There  is  a  broad  anterior  cingulum,  but  no 
posterior  cingulum  is  observable. 

In  the  mandible.  Pi  has  been  shed  on  either  side  and  the 
alveolus  closed.  Pg,  preserved  only  on  the  right  ramus,  resembles 
the  smaller  premolars  of  the  upper  series.  Pg  has  been  shed,  the 
alveolus  on  the  right  side  only  remaining  open.  Anterior  and 
posterior  cingula  are  well  developed  on  the  lower  molars.  In  M^ 
the  hypoconulid  is  not  differentiated  from  the  posterior  cingu- 
lum, which  projects  slightly  forming  a  very  small  heel. 

The  right  side  of  the  cranium  has  been  badly  crushed.  The 
left  side  is  less  distorted.  The  chief  point  of  specific  value  at- 
taching to  the  cranium  is  in  the  shape  and  direction  of  the  jugal 
processes.  These  processes  are  plate-like  with  a  thickened  me- 
dian rib.  The  free  edges,  especially  the  anterior,  are  thin  and 
sharp.  The  proccvsses  are  short,  not  extending  below  the  lower 
mandibular  border.  The  orbits  are  posterior  in  position,  their 
anterior  borders  lying  above  the  posterior  edge  of  M*^. 

The  mandible  is  peculiar  in  the  absence  of  the  knob-like 
bosses  on  the  chin,  which  are  so  prominently  developed  in  E. 
tngens  and  E.  impcrator.*  The  protuberances  beneath  P4  are 
small  and  deeply  cupped.  The  dependent  angle  slopes  gradually 
backward  without  the  abrupt  downward  curvature  characteriz- 
ing E.  ingens. 

With  the  skull  were  preserved  the  atlas,  axis  and  three  an- 
terior cerv'icals,  all  considerably  crushed,  fragments  of  a  radius, 
an  imperfectly  preserved  tibia,  an  astragalus,  the  right  and  left 
unciform  and  navicular,  the  left  pyramidal,  the  fused  eeto-meso- 
cuneiform,  a  scaphoid,  a  third  metatarsal  and  a  phalanx.  These 
do  not  differ  sufficiently  from  E.  ingenus  as  described  by  Scott  to 
warrant  separate  description  here. 

♦  W.  B.  Scott,  The  Osteology  of  Elotherium.  Trans.  Am.  Phil.  Soc,  Vol. 
XIX,  p.  285. 
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^k  Tlu'  sp«'ie*t  U  immt'ci  in  hon"r  of  its  diBoovcrer,  Mr.  Frank  C. 


Bnt  one  other  fltnnplete  skull  of  Elotkwium  has  been  obtsined 
tram  the  Jtdm  Day.  A  number  ctf  yeus  ago  UeaBra.  I«ander  3. 
Dairia  and  William  Di^,  ii^iile  edleeting  tor  Profemor  Handi, 
diaooverad  a  perfect  crabinm  in  the  lower  Dieerattmhim  beda  in 
the  Blae  Baain,  Turtle  Core.  This  spe^mea,  now  in  the  Mardt 
collection  at  Tale  XTniYerait]r,  ia  a  diatinet  apeoea. 


Total  ImgOt  of  ifcall  616  mm 

Lenftli  of  mudlUa   SW 

Length  F'-H*  iIldulT^  OB  mlTColmr  betdar 280     - 

LangaiF-U*  iiuliiriTC » 

Lenga  Ui-iS,  inehirfve  105 

D^tli  of  mutdible  Mow  P. ....78 

D^tb  of  mandiblo  bdow  U, IW 

F*,  aatan-pofteiior  dlam«tar iJJS 

P*,  antero-porteiior  diameter 2S.5 

H>,  antwo-postorior  diamaUr  31  J! 

H*,  tmurane  dlamatar  33 

H*;  antenvpoaterior  diaai«t«r 33 

H*,  trananrae  diamater  33^ 

ir,  antaro-poaterioT  diamatat  31 

M',  transTerBe  diameter    28 

M„  antero-posterior  diameter   35 

•   diameter    29 

o-[)08teri(ir   .iiameter   34 

a  diameter   26 

Length  of  third  metatarsal   ICS 

Length   of  aBtragalus    76 

Width  uvroBB  proximal  end  of  astragalus 42 

THINOIIYUS  (botiirolabis)  decedens  Cope. 

PI.   16. 

Cliaenoliijus  decedens  Cope.    Pr.  Am.  Phil.  Soc,  Vol.  XVIII, 
p.  373,  1879,  Vol.  XXV,  p.  63,  1S88. 

ry('f.  — Cranium  in  the  Condon  collection,  Eugene,  Oregon.  Mundibic, 
No.  1555,  TJniv.  of  Cal.  Palaeont.  Coll.  The  mandible  ia  associated 
witli  l«irt  of  n  cranium  in  nhich  1',  part  of  the  canine,  P'  and  Ms'  ' 

Lucalilji. —  Uioerathcrium  beds,  Jliddle  John  Day.  Near  McALister'B 
raiicli,  below  T«Uliuiihani,  Wheeler  Co.,  Oregon.  The  sjiecimen  was 
recovered  from  a  horizon  situated  about  fifty  feet  above  the  top  of 
the  Lower  Jolm  Day. 
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Specific  characters. — Facial  region  shortened,  profile  concave. 
Forehead  convex.  Molars  rapidly  increasing  in  diameter  pos- 
teriorly, with  strongly  mammilated  enamel.  M^  with  large 
antero-intemal  style  and  prominent  postero-intemal  heel.  In- 
ferior dental  series  interrupted  by  a  diastema  on  either  side  of  P2. 

Two  speciemens  have  been  referred  to  this  species.  In  addi- 
tion to  the  imperfect  cranium  associated  with  the  mandible  which 
has  been  taken  as  the  type  of  the  inferior  dentition,  there  is  in 
the  I'niversity  collection  a  much  more  perfectly  preserved  cran- 
ium (No.  ooB)  collected  by  Mr.  L.  S.  Davis  from  the  middle 
of  the  Diceratherium  beds  below  Sheep  Rock,  in  Butler  Basin, 
Grant  Co.,  Oregon.  This  specimen,  combined  with  mandible  No. 
T555  is  figured  on  Plate  16. 

Generic  position. — Thinohyiis  decedens  was  placed  by  Cope 
in  a  distinct  genus,  Chaenohyus,  which  he  distinguished  from  his 
Bothrolabis  by  the  presence  of  three  superior  premolars  in  the 
fonner  and  four  in  the  latter.  The  type  of  Chaenohyus  has  been 
examined  by  Professor  Merriani,  to  whose  notes  the  writer  is  in- 
debted for  the  following  particulars.  The  first  superior  pre- 
molar is  a  double-rooted  tooth  situated  inside  the  base  of  the 
canine  at  a  distance  about  equal  to  its  own  diameter,  and  reach- 
ing about  as  far  fonvard  as  the  posterior  margin  of  that  tooth. 
Posterior  to  P\  of  which  the  base  is  preserved,  the  alveolar  bor- 
der is  somewhat  broken,  but  there  is  a  small  alveolus  close  to  that 
for  the  anterior  root  of  P**.  The  dental  formula  is  therefore  the 
same  as  in  Bothrolabis,  and  the  two  genera  must  be  regarded  as 
identical. 

The  writer  has  examined  the  type  of  Mai'sh\s  Thinohyus^ 
which  was  proposed*  for  the  recei)tion  of  two  porcine  species  from 
the  John  Day,7\  levhfs  and  T.  socalis,  and  is  unable  to  distin- 
guish Bothrolabis  from  it.  Bothrolabis  is  therefore  bracketed  as 
a  probable  synonym.  An  imperfectly  preserved  mandible  (No. 
1990)  from  the  the  Diceratherium  beds  near  Price,  in  the 
Crooked  River  Basin,  Crook  Co.,  Oregon,  corresponds  fairly  well 
in  the  spacing  of  the  lower  premolars  and  in  size  with  T.  lent  us 
and  has  been  referred  to  that  species  in  our  list  of  the  fauna 
from  the  Diceratherium  beds. 


*  O.  C.  Marsh,  Am.  J.  8ci.,  3d  Ser.,  Vol.  IX,  pp.  248-249,  1875. 
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Cranium. — Anterior  to  the  orbit  the  facial  region  is  abruptly 
contracted  both  laterally  and  vertically.  This  feature  is  peculiar 
to  T.  decedens.  In  the  remaining  species  the  facial  region  is  of 
the  elongated  type  of  T.  osmonii  (PL  17).  Between  the  orbits, 
the  forehead  is  convex,  without  elevated  superciliary  borders.  A 
pair  of  broad  grooves  diverging  anteriorly  extend  forward  from 
the  supraorbital  foramina.  They  are  separated  by  a  low 
ridge.  The  median  ridge  and  the  grooves  are  minor  features 
and  do  not  materially  affect  the  general  convexity  of  the  fore- 
head. The  palate  is  flat.  There  is  but  little  downward  curvature 
of  the  premaxillae,  in  striking  contrast  with  T.  osmonii  and  Dico- 
tyles.  The  premaxillarj'  border  of  the  anterior  nares  has  been 
fractured  on  either  side  and  is  restored  in  the  figure. 

Mandible. — Portions  of  both  rami  are  preserved  with  cra- 
nium No.  1989.  The  left  ramus  represented  in  Plate  16  is  the 
better  preser\^ed.  It  increases  in  depth  posteriorly.  There  are 
four  mental  fomiina  observable,  one  slightly  posterior  to  Po, 
two  beneath  P^  and  one  beneath  the  anterior  half  of  Mi. 

Dentition. — The  crowns  of  the  first  pair  of  superior  incisors 
are  not  preserved  in  either  specimen.  The  second  pair  resemble 
the  corresponding  teeth  in  Dicotyles.  The  third  pair,  preserved 
in  cranium  No.  19S9,  are  lonp:  and  i)ointed  and  considerably 
I'CH'urved.  The  c-aniiies  are  broad  blades,  trian<nilar  in  eross- 
section  with  the  apex  of  the  trianirle  directed  i)osteriorly.  The 
outer  face  is  niai'ked  bv  two  ridires,  the  posterioi*  unich  stroutrer 
than  the  intei'ioi-.  P'  is  double  rooted  and  is  situated  on  the 
inner  side  of  the  base  of  the  canine.  In  the  fi^rure,  it  is  repre- 
sented as  havin.Lr  sli|)ped  from  the  alveolus.  As  preserved,  the 
extension  of  this  tooth  below  the  alveolar  border  does  not  exceed 
the  len«rth  of  P-.  P-  is  like  the  tii^t,  but  larirer.  P"  carries  a 
larL^*  postei'o-internal  basin-shaped  heel.  In  addition  to  pi'oto- 
con«'  and  deutei-ocone.  the  tritocone  is  more  or  less  developed  in 
r\  There  ai'c  short  diastemata  anterior  and  posterior  to  P\ 
but  the  rest  of  the  superior  dentition  is  in  close  series.  The 
iiiolai*s  inei'ca.st'  rapidly  in  diameter  posteriorly.  The  enamel  of 
the  crowns  is  manmiilated  especially  in  ^P.  A  larj^a^  antero- 
interual  style  is  pi'csent  on  this  tooth  and  also  a  prominent  pos- 
tero-internal   heel,  the  surface  of  which  supports  a. number  of 
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lesser  tubercles.  Mammilated  external  cingula  appear  on  P* 
and  the  molars.  Anterior  and  posterior  eingula  appear  on  P* 
and  the  molars.  An  internal  eingiilum  is  developed  on  P'  and  on 
Ms  *^.  On  the  latter  teeth  it  is  mammilated  like  the  external 
ein^lum. 

The  lower  incisors  have  not  been  preserved.  The  canine  is 
triangular  in  cross-section  with  a  prominent  median  ridge  on  the 
outer  side.  P,  is  represented  by  a  single  large  alveolus  close  to 
the  canine.  Pg  is  double  rooted  with  a  simple  laterally  com- 
pressed crown.  P;^  supports  a  small  anterior  basal  cusp  and  a 
moderately  broad  heel.  On  P^  the  protoconid  and  deuteroconid 
are  equally  developed  and  separated  by  a  deep  notch.  There 
is  a  broad  heel  with  an  antero-posterior  ridge  formed  by  the 
confluence  of  two  small  conules.  The  diastema  between  P,  and 
Pj  is  6mm.  in  length.  A  somewhat  shorter  interval  (5mm.)  sep- 
arates Pj  and  Pg.  Like  those  of  the  superior  series,  the  lower 
molars  increase  rapidly  in  size  posteriorly.  The  heel  on  M:^  is 
large,  supporting  a  number  of  small  cuspules,  which  vary  in  po- 
sition in  the  same  individual.  External  and  internal  cingula  are 
developed  on  the  heel  of  P4  and  at  the  mouths  of  the  transverse* 
valleys  in  the  molars.  Anterior  and  posterior  cingula  are  pres- 
ent on  P4  and  the  molars.  In  M3  the  greatly  developed  heel  re- 
places the  posterior  cingulum. 

The  only  other  part  of  the  skeleton  known  is  the  ealcaneuni, 
a  part  of  which  was  preserved  in  the  matrix  investing  each  of  the 
two  crania.  It  is  similar  to  the  calcaneum  of  Dicoi\ilvSy  but  is 
considerably  larger. 

MEASURExMENTS. 

Length  of  cranium  from  anterior  extremity  of  pre-  No.ooS  No.  1989 

maxilla  to  condyle  inclusive 204    mm 

Interorbital   width    84 

Depth  of  skull  to  alveolar  border  at  front  of  orbit.  80  73.5  mm 

Width  of  palate  at  P -J? 

Width  of  palate  at  middle  of  M' L'o.o 

Length  P'-M*  inclusive 79..")  81..> 

Length   P1-M3   inclusive 90 

Length   M*-M»  inclusive 4(5  48 

Length  Mj-M,  inclusive 51 

P*,  antero-posterior  diameter   s.5  9 

P*,  transverse  diameter 9  12 
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NO.BSB   JHoJOKS 
V,  aiiteo-postarior  ^BaoMtar •••  12  mm      IS  am 

W,  tnammatm  dimmotor •  •  •  12  12J5 

M*,  aateKHpostnior  dfauncder « 19  10 

IT,  tnxupnxm  diamatar Ip  15 

P«y  anto^o-porterior  diamatar •• 12 

Fm  trauvqrae  diamatar « 7 

Ml,  aataco-poatotior  diametar. «.•*.....*•. 13 

lit,  taamwnm  diameter 0 

Miy  antero-poiterlor  diameter 22 

Miy  tranaverae  diamelar •.«••••••.. 12 

Aj^^roiimate  kngtii  of  aafamiwumii  emiililBed  from  dimanaioiia  of 

two  qpeeimemi   • 81 

Width  of  tuber  ealda  (dono-plaatar)....^.. ^  18 

THINOHYUS  (BCTHBOLABld)  OBMONTI,  XL  8p. 

PL  17. 

?yp0«— Craaiimi  and  roandiWe,  No.  SBB,  XJiiiT.  of  CSaL  Palaeont  CoIL 
XomN^.— BtoeratiMKiom^beda,    Middle  John  Day.    West  mde  of  Oe 

John  Daj.  VaU^,  aboat  slac  mite  nocth  of  Caamo'a  l^Rj,  OfSiam 

Oo.y  Oregon. 

Specific  ck(uraclcn. — Fadal  icppkm  dbngste,  in  profile  an 
even  slope  from  frontala  to  tips  of  namls.  Forehead  flat  between 
.orbits,  becoming  sliglitly  convex  toward  median  line^  Upper 
molars  increasing  little  in  size  jKwteriorly.  M*  without  promi- 
nent antero-intemal  style,  with  narrow  heel  extending  as  a  shelf 
across  the  entire  posterior  border.  Inferior  dentition  in  close 
series,  separated  by  a  long  interval  from  the  canine. 

The  species  is  named  in  honor  of  its  discoverer,  Mr.  V.  C. 
Osmont. 

A  second  specimen  referable  to  this  species  was  collected  by 
Messrs.  Osmont  and  Davis  from  the  upper  part  of  the  Dicera- 
therium  beds  on  the  north  side  of  the  John  Day  Valley  at  Mc- 
Allister's ranch,  Wheeler  County,  about  150  feet  above  the  top 
of  the  Lower  John  Day.  This  specimen,  a  cranium  without  man- 
dible (No.  1988),  has  those  parts  of  the  skull  anterior  to  P*  and 
posterior  to  the  opening  of  the  inferior  nares  broken  away.  The 
crowns  of  the  upper  teeth  are  much  less  worn  than  in  the  type 
specimen. 

Cranium. — The  facial  region  is  greatly  elongated,  forming  in 
profile  an  even  slope  from  the  forehead  to  the  tips  of  the  nasals. 
Between  the  orbits  the  forehead  is  flat,  becoming  slightly  convex 
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toward  the  frontal  suture.  Anteriorly  there  is  a  strongly  convex 
swelling  on  either  side  of  the  median  line,  inclosing  a  deep  de- 
pression which  extends  forward  from  the  supraorbital  foramina. 
The  sagittal  crest  is  thin  and  rises  in  a  gentle  convexity  above 
the  interorbital  plane.  The  superciliary  borders  are  moderately 
elevated.  The  premaxillaries  are  decurved  to  about  the  same  ex- 
tent as  in  Dicotyles.  In  the  type  specimen  the  maxillary  is 
strongly  rugose  anterior  to  the  base  of  the  jugal  arch.  This  is 
hardly  noticeable  in  No.  1988. 

Mandible. — The  rami  have  about  the  same  depth  from  Po  to 
M..,  tapering  anteriorly.  The  long  and  narrow  symphisial  region 
is  inclined  about  thirty  degrees  to  the  axis  of  the  jaw.  The 
mental  foramina  are  the  same  in  number  and  relative  position 
as  in  T.  decedens. 

Dentition. — The  first  superior  incisor  has  a  much  broader 
crown  than  the  second  and  third.  The  principal  wear  is  on  the 
tip  and  outer  side  of  the  crown.  I-  is  broken,  but  the  cross- 
section  of  its  roots  shows  that  it  is  a  small  tooth.  I^  is  long  and 
pointed  and  considerably  compressed  laterally.  The  upper  ca- 
nines are  oval  in  cross-section  at  the  base,  but  become  triangular 
where  the  anterior  edge  is  exposed  to  the  wear  of  the  lower  ca- 
nine. P^  is  a  simple  crowned,  double-rooted  tooth  separated 
from  the  canine  and  P-  by  diastemata.  Unlike  T.  decedens,  P* 
is  in  this  species  situated  entirely  posterior  to  the  canine,  and  is 
not  overlapped  by  the  posterior  border  of  that  tooth.  It  has 
been  broken  off  on  the  side  seen  in  the  figure.  The  remaining  su- 
perior premolars  are  unspaced  and  resemble  the  corresponding 
teeth  in  T.  decedens.  The  upper  molars  increase  Wi^ry  slightly 
in  size  posteriorly.  On  M^  the  heel  is  narrow  and  ec|ually  promi- 
nent on  the  outer  and  inner  sides  of  the  crown,  giving  to  the  pos- 
terior border  of  the  tooth  an  even  convexity.  External,  anterior 
and  pasterior  cingula  are  present  on  P^  and  the  molars.  Internal 
cingula  are  feebly  developed  or  wanting. 

In  the  inferior  series,  the  incisors  are  inclined  forward  in 
conformity  with  the  slope  of  the  symphysis  and  are  worn  princi- 
pally on  their  posterior  faces,  although  the  tips  of  the  first  pair 
are  abruptly  truncated.  The  lower  canines  are  triangular  in 
cross-section,  somewhat  recurved,  and  have  a  strongly  marked 
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mediaii  ridge  on  their  external  faees.  The  lomer  premolars  am 
nnapaeed  and  are  separated  by  a  long  interval  from  the  <»n]ne. 
AU  the  anterior  prenudars  are  double-rooted.  Unlike  the  an- 
perior  smes,  the  molars  increase  in  length  posterioiiy.  There 
was  at  least  one  prominent  ensp  on  the  heel  of  M,.  External,  an- 
terior and  posterior  eingola  are  developed  cm  the  molars. 

Afflniiies. — Thinohuw  tmmanH  may  be  readily  distinguished 
from  T.  subaequans  by  the  absence  of  spacing  between  the  lower 
premdars  and  the  presience  of  a  long  diastema  in  trcmt  of  P^.  In 
T.  subaequans  the  inferior  diastemata  are  short  and  are  anterior 
and  posterior  to  Pi.  The  length  of  IMP-IP  is  also  considerably 
greater  in  that  species  and  the  molars  increase  somewhat  in  di- 
ameter posteriorly.  T.  pristinus  is  characterised  by  a  large  heel 
on  M*  separated  from  the  posterior  cones  by  a  vall^.  In  the 
mandible  of  this  species,  P^  is  separated  from  P,  and  the  canine 
by  short  diastemata.  In  T.  irichaenus  the  first  lower  {Premolar 
is  dose  to  the  canine  and  there  are  short  intervals  immediatdy 
anterior  and  posterior  to  P,.  In  both  T.  pristmus  and  T.  tri- 
chaenus  the  superior  dental  series  is  considerably  longer  than  in 
T.  osmofdi.  T.  rosiratus  differs  not  only  in  the  greater  length  of 
the  superior  dental  series,  but  in  having  a  longer  M^,  on  which  the 
heel  is  extended  particularly  along  the  inner  side,  being  nearly 
in  a  straight  line  with  the  inner  border  of  the  protocone  and 
hypoeone.  It  differs  also  in  the  spacing  of  P-  and  P^  which  are  in 
close  series  in  T.  osmanti.  These  species  are  all  of  the  type  with 
elongated  facial  region.  The  short-faced  T.  decedens  differs 
from  T.  osmonti  in  the  concavity  of  the  facial  profile,  the  con- 
vexity of  the  forehead,  the  increase  in  size  of  the  superior  molars 
posteriorly,  the  rugosity  of  the  enamel  on  the  molars,  the  charac- 
ter of  M^,  and  the  spacing  of  the  lower  anterior  premolars.  In 
the  mandible  of  the  more  imperfectly  known  1\  lentus,  P^  is 
separated  from  the  canine  and  Po  by  diastemata  of  respectively 

8mm.  and  lOmm. 

Measurements. 

Length  of  skull  from  premaxillae  to  foramen  mag-  No. 393 

num     225    mm 

Length  of  mandible  Irom  anterior  extremity  to  con- 
dyle  inclusive    186 

Length   P'-M'  inclusive   79.5 
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No. 353         No. 1585 
Length  ^P-M'  inclusive 39  mm      42     mm 

Length  Pj-Mj  inclusive  81 

Length   Mi-M,  inclusive    45 

Width  of  skull  at  postorbital  processes 83 

Depth  of  alveolar  border  at  front  of  orbit 78  72 

Length  of  diastema  between  lower  canine  and  Pj 

(average  of  both  sides) 16 

Depth  of  mandible  below  P, 33.5 

Depth  of  mandible  below  Mj   33.5 

P*,  antero-posterior  diameter    10  9 

P*,   transverse  diameter    10.5  11 

M*,  antero-posterior  diameter   12.5  12.75 

M*,  transverse  diameter   11  11 

M*,  antero-posterior  diameter   13.5  14 

M*,  transverse  diameter   11.5  11 

P4,  antero-posterior  diameter   12 

P4,  transverse  diameter   7 

Ml,   antero-posterior   diameter 12 

M„  transverse  diameter   8 

M„  antero-posterior  diameter   18.5 

Ma,  transverse  diameter   9 

MESOHIPPUS  ACUTIDENS,  U.  Sp. 
PI.    18. 

Type. — Cranium,   portion   of   the   left   fore   limb,   and  a   few   vertebral 

fragments;  No.  375,  Univ.  of  Cal.  Palaeont.  Coll. 
Locality. — Promerycochoerus    beds    (?),    Upper    John    Day.      Powell's 

ranch  on  the  Middle  Fork  of  the  John  Day  River  about  five  miles 

above  Hitter,  Grant  Co.,  Oregon. 

Superior  canines  lon^  and  pointed,  with  acute  anterior  and 
posterior  edges.  ^letaloph  hardly  interrupted  by  metaconule, 
sharply  separated  by  a  deep  notch  from  the  ectoloph.  Protoloph 
with  well  marked  protoconule,  united  with  ectoloph  by  a  narrow 
shape-edged  ridge  which  widens  in  moderately  worn  teeth. 
Parastyle  broadly  rounded  except  in  M^  where  it  is  compressed 
antero-posteriorly.  M'  with  metal oph  storter  than  protoloph 
{i.e.,  as  8.5  mm.  :  12.3  mm.),  producing  almost  a  trianjnilar  out- 
line for  the  tooth  crowTi.  Mesostyle  sharply  defined  and  ribs 
broadly  rounded  and  prominent.  The  measurements  seem  also 
to  be  characteristic. 

The  moderately  worn  teeth  indicate  the  fully  adult  condition 
of  the  animal.  The  incisors  show  incipient  cupping  and  are 
marked  by  a  slight  depression  in  the  center  of  the  external  face. 
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The  I'Jnc.  clai:t,"T-8haTie<l  oaiiims  r'^snulilr  Ui'.s.:'  of  a  oarni 
nnd  lire  (|iiil<.'  iinHk'-  tlip  I'orn'vponilirii:  li-.'ili  hi  iiny  other  know 
■pedes  of  Muehipptu.  The  edges  devrioped  antenmir  and  poa- 
teriorly  are  aharplj  set  off  tnm  the  rest  of  the  tooth  orowB. 
The  tipa  ate  onwom.  A  lai^  Ivpoetyb  is  present  cm  all  the 
nKdars  and  mt^arif  onn  premdars.  On  all  exe^  H*  H  gtves  off 
a  narrow  Bpnr-like  dngnltun  vhieh  bwders  the  hjrpoeone  pob- 
teriorij.  On  most  of  the  ntolam  asd  ptioncriUus  there  are  cue 
or  more  small  tabercles  at  the  month  of  the  transverse  valley. 
No  other  traees  of  an  internal  eu^rnlnm  we  seen.  The  external 
eiugnlom  is  not  continned  acmes  the  basea  of  the  styles. 

The  cranhun  lacks  the  bcmee  investing  the  posterior  porti<m 
of  the  Invin  ease  and' has  been  somewhat  cnuhed,  sccentnating 
the  flabiesB  of  the  forehead.  The  orbit  n  almost  complete!}'  closed 
l^  the  strongly  developed  postotbital  process  of  the  fnmtaL  The 
siqpraorfoital  noteh  is  entirely  endroled  by  Ixme,-  farming  a  large 
foramen.    There  is  a  well  mariced  preorbital  f osa. 

With  the  craninni  were  preserved  portionB  of  the  left  acap- 
nia, hnmeros  and  radios.  Only  the  ^eooid  portion  of  the  scap- 
ula is  represented.  It  agrees  with  M.  bairdi  as  desciribed  by- 
Scott,"  except  that  the  free  border  of  the  coracoid  proeeas  is  bent 
inward,  forming  a  rather  open  hook.  The  humerus  is  without  a 
supratrochlear  foramen.  In  this  respect  it  diflEers  from  M.  bairdi 
in  which  the  anconeal  fossa  is  perforate.  The  radius,  of  which 
the  proximal  portion  is  preser\'ed,  is  ver>'  much  like  that  of  .V. 
bairdi. 

The  specific  name  refers  to  the  sharp  pointed  canine  teeth. 

The  new  species  may  be  readily  distinguished  from  the  horses 
of  the  ^liddle  and  Upper  White  River  by  the  dental  measure- 
ments, the  great  length  of  the  canine  and  the  character  of  the 
orbital  region.  It  approximates  in  dimensions  .If.  bracliystylus 
Osbornt  from  the  Leptauchenia  beds,  but  differs  from  that 
species  in  the  shape  of  M*,  the  form  of  the  postorbital  process 
and  the  closure  of  the  supraorbital  notch.! 


*  Osteology  of  Mesohippus  and  Leptomeryx.  Jour,  of  Morphology, 
Vol.  V,  No.  3,  p.   319. 

t  New  Oligoc«iie  Uoraes.  Bull.  Am.  Mus.  Nat.  Hist.,  Vol.  XX,  pp. 
167-179,   1904. 

t  Compara  PI,  18  with  Osborn,  op.  cif.  PI.  V,  E. 
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In  size  M.  acutidens  occupies  a  position  intermediate  between 
the  John  Day  species  M.  equiceps  and  M,  pra^stans.  So  far  as 
it  is  possible  to  compare  the  dental  measurements  with  those 
given  by  IMarsh  %  for  M.  anceps  there  is  close  agreement,  but  the 
skull  of  3/.  acutidens  is  not  depressed  between  the  orbits  nor  do 
the  molars  extend  further  behind  the  orbit  than  in  M.  bairdi,  as 
is  said  to  be  true  for  M.  anceps. 

Measurements. 

Length  of  cniiiium  fiom  premaxillae  to  condyles  inclusive 23vSmm 

Length    P*-M*  inclusive  85 

Length    WW  inclusive   38.5 

Length  of  lUastema  anterior  to  canine 10.5 

Length  of  <Uastoma  {-osterior  to  canine   23 

Length  of  canine  from  margin  of  alveolus  to  tip,  measured  on 

lingual    aspect    17.5 

M\  antero-posterior  iliameter   13 

M',  transverse  diameter*    16 

M-,  antero-posterior  diameter   13 

M-,    transverse    diameter* 16.3 

yVf  antero-posterior   diameter    12.5 

M',  transverse  diameter  * 16 

Univcrsiiii  of  California, 
March,  J90.J. 


t  Marsh.  Am.  Jour.  Sci.,  3d  Ser.,  Vol.  VII,  p.  2."5n. 

*  Moasnro<l  through   the  Miiterior  cones  at  the  widest  part  of  the  tooth 
crown. 


-n  f,. 

Kg.  I.- 

Plg.2.- 

Pig.  3.- 

Ffg.  4.^ 

Fig.  5.- 

Fig.  6.- 

Hg  I.- 

Kg.  ».' 
Pig  9.- 

'.'([tninfi'i/f  iilonireff*,  n.  gen.  and  sp.     Cnmium  from  Uie  Ipft  side. 
-JWumersir  plonictpi,  n.  gen.  nod  8p,    Cnminin  from  below. 
■Syji«TlTaffulv»,  ep.     Bii^ht  mtinilibuliir  nunuB.     The  ilotteil  outUnM 

are  restored  after  Scott. 
-Pcromjiarwi  parvtui.  n.  sp.     Portion  of  maxillnry  ronl^ining  first 

unil  sccuiitt  left  superioT  molars.    Occlusal  iHtw,     X3. 
-  Fcromyeeus  jiarvtui,  a.  sp.     Right  inandibulHr  raaiue  from  abnre. 

X8. 
-Ent^lpehvt  »iMiTyi.  n.  ap.    CrBntDni  from  ulmvc 
-Entoptychiu  sperrgt,  n.  sp.     Cranium  and  mandible  from  the  left 

-Entoptychua  Tottratvi,  n.  8p.    Cranium  from  below, 
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INTRODirCTION. 

The  cave  explorations  conducted  by  the  Department  of 
Anthropology'  of  the  University  of  California  have  opened  to 
the  palaeontologist  a  new  source  of  information  regardino:  the 
Quaternary  vertebrate  fauna  of  this  state.  Occasional  scattered 
teeth  and  bones  from  valley  alluvium,  clay  beds,  stream  grravels 
and  asphaltum  deposits  of  Quaternary  a<re  oecurrinji:  in  various 
parts  of  California,  have  shown  the  presence  of  a  considerable 
variety  of  mammalian  species,  but  it  has  been  impossible  to 
group  them  into  a  fauna  which  mi^ht  be  regarded  as  a  chrono- 
logic unit,  owing  to  more  or  less  variation  in  the  age  of  these 
beds.     The  agencies  involved  in  the  accumulation  of  most  of 
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llif  IxiiK'-lii'arin^  deposits  linvc  pruvcd  destnittive  to  all  but 
the  larger  forms.  On  the  contrary,  the  caves,  having  neted  to 
H  yrotiter  or  less  extent  as  reeeplaeies  for  the  aeiiuinidution 
of  surface  material,  might  be  expected  to  afford  a  more  complete 
faunal  record,  as  the  conditions  governing  preservation  are 
iiKiially  quite  favorable.  This  expectation  has  hii'n  fully 
realized. 

A  Inrp'  nimiher  of  the  species  of  Quaternary  mamninU  col- 
lected from  the  caves  are  new.  The  gi-eater  nmiiber  of  the  new 
species  were  obtained  from  the  Potter  Creek  Cave,  the  explora- 
tiou  of  which  has  already  been  described.*  Xew  material  was 
hIso  secured  from  the  well  known  Mercer's  Cave  situated  near 
the  town  of  Murphys  in  Calaveras  C-ountj-.  In  the  description 
of  the  following  species  the  writer  is  particularly  indebted  to 
Dr.  C  H.  Mcrriam  for  information  concerning  the  relationships 
<if  the  rodents. 


THOMOMVS  MICHODON,  n.  Sp. 
PI.    19,    BV^    1-3. 

Tupe.—  No.  57^,  Univ.  of  r«l.  Paine.  Cull.    Tbe 

skull  withmil  the  man.iilile. 
Locality.— Pottet  Creek  Cave,  HLa«t«  Co.,  California. 

This  species  closely  resembles  Tliomomys  mazuma  Merriam 
C.  H.,  from  which  it  ditTera  in  having  a  very  prominent  ridci' 
on  the  side  of  the  rostrum,  marking  externally  the  position  of 
the  alveolus  of  the  superior  incisor.  The  fossa  above  the  ridge 
is  deep.  Thomomijs  niger  Merriam  C.  H.  has  the  fossa  behind 
the  incisor  ridge  almost  as  deep  as  in  the  fossil  form,  but  differs 
in  having  the  rostrum  heavier  and  the  molars  ranch  larger.  In 
the  fossil  form,  the  rostrum  is  rather  shorter  and  broader  than 
in  Thomomys  mazama,  and  the  premaxillae  are  less  pointed. 

The  new  species  belongs  to  the  yellow  toothed  division  of  the 
genus.  The  incisors  are  flattened  on  the  anterior  side,  the 
anterior  outer  corner  is  angular  and  the  teeth  are  sharply 
decurved. 


Vol. 4]      Sinclair. — Mammalia  from  Quaternary  Caves.  147 

Measurements. 

Length   of   rostnim    from   base   of   P*   to   anterior   surface   of 

incisor     IS.oinm 

Length    of    rostrum    from    postero-inferior    extremity    of    pre- 

raaxillae  to  anterior  surface  of  incisor   10.5 

Greatest  width  of  rostrum   7.5 

Depth  of  rostrum  from  posterior  extremity  of  nasals  to  margin 

of  alveolus  of  P* 11 

Depth  of  rostrum  from  posterior  extremity  of  nasals  to  postero- 
inferior  extremity  of  prcmaxillae  9 

Width  across  frontal  between  orbits   6.5 

P*,  antero-posterior  diameter   1.6 

P*.  transverse  diameter  at  widest  part 1.5 

M\  antero-posterior   diameter    1 

MV    transverse   diameter    2 

Width   of   incisor    2 

API/ODONTIA    MAJOR    FOSSILIS,    11.    Sllb-Sp. 
PI.  19,  Figs.  8  and  9. 

Type.—^o.    fl^,    Univ.    of   Cal.    Palae.    Coll.      The   right   mandibular 
ramus^  lacking  the  coronoid  process  and  part  of  the  angle. 

Cotifpe.—l^o.   5265,  Univ.  of  Cal.  Palae.  Coll.     An  imperfect  cranium. 

Locality. — Potter  Creek  Cave,  Shasta  Co.,  C'alifornia. 

Numerous  lower  jaws  of  an  Aplodontia  were  found  in  all 
parts  of  the  cave  and  at  various  depths  beneath  the  surface  of 
the  cave  deposit.  The  jaws  all  show  the  characters  possessed  by 
the  type  specimen.  They  differ  from  the  typical  Aplodontia 
major  in  havinfr  the  dental  foramen  jrenerally  wider  trans- 
versely. The  ridge  in  front  and  below  the  masseteric  fossa,  in 
the  fassil  form,  is  usually  continued  across  the  lower  side  of 
the  ramus  and  connected  with  the  inner  prominence  of  the 
angle,  while  in  A.  major  a  smooth  space  exists  between  the 
angle  and  the  ridge  in  front  of  the  masseteric  fossa.  In  the 
fossil  form  the  wall  in  front  of  the  fossa  above  the  an^rle,  on 
the  inner  side  of  the  ramus,  is  vertical  for  a  lonj^er  distance 
below  the  opening  of  the  alveolar  canal  than  in  the  I'ecent 
major.  So  far  as  it  is  possible  to  compare  its  dimensions  with 
the  measurements  tabulated  by  Dr.  C.  H.  IMerriam,*  the 
cranium  agrees  closely  with  Aplodontia  major. 


•Annals   N.    Y.    Acad,   of   Sciences,   Vol.    Ill,    No.    10,      Table    facing 
page  328. 
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Measurements. 

Least  width  of  roRtrum  in  front  of  zygomatic  arches 17.25ram 

Least  interorbital  width   10 

Length     of     superior     molar-preniolar     series     (except     P**) 

measured  on  alveoli    17.3 

Palatal  width  between  alveoli  of  P* 6. 25 

Palatal  width  between  alveoli  of  M'  6.5 

Distance  between  alveoli  of  inferior  incisor  and  P** 13 

Length  of  lower  molar-premolar  series  measured  on  alveoli  . .  18 

TEONOMA  SPELAEA,  D.  Sp. 
PI.   19,  Figs.  4-7. 
Type,— No.  5562,   Univ.  of  Cal.  Palae.  Coll.     The  anterior  two-thirds 
of  a  skull  of  an  adult  individual,  in  which  the  teeth  are  not  much 
reduced  by  wear. 
Lorah'ty.— Potter  Creek  Cave,  Shasta  Co.,  California. 

Tconoma  cinerea  is  the  form  nearest  to  this  new  species,  but 
the  rostrum  and  incisive  foramina  are  decidedly  shorter  in  the 
fossil  form  than  in  cinerea.  Also,  the  premaxillae  extend  far- 
ther back  beyond  the  nasals,  the  nasals  taper  more  posteriorly 
and  the  frontals  have  a  greater  interorbital  width  in  the  new 
species  than  in  T.  cinerea. 

A  large  number  of  lower  jaws  were  found  in  various  parts 
of  the  cave.  They  differ  from  the  typical  Teonoma  cinerea  in 
havin<r  the  enamel  loops  of  the  molai-s  more  evenly  balanced 
on  the  two  sides  of  the  axis  of  the  tooth  row.  In  cinerea-  the 
loops  are  much  l()n<rer  on  the  inner  side  than  on  the  outer  side. 
In  the  eave  speeiniens  there  is  eoniparatively  little  difference. 
As  l)ut  one  species  of  Tanioma  is  represented  in  the  Potter 
Creek  Cave,  the  mandibles  are  also  referred  to  Tconoma  spdaea. 

MKASrUEMENTS. 

lAMigth   of   rostniin    from    l>a.se   of    P*   to  anterior   surfjice   of 

incisor     1^       mm 

Widtli  of  rostrum  in  front  of  infra-orbital  foramina    9 

Depth  of  rostrnm  at  mi(Mle  of  ineisive  foramina 9 

Length   of   incisive   foramina    13 

Greatest   width   measure<l   across  both   incisive   foramina 3 

Width  across  frcmtal  ])et\veen  orbits    6.5 

Length  of  superior  molar-premolar  series  measured  on  alveolar 

borders     10 .  25 

M\  anteroposterior  diameter  nu^asured  on  alveolar  border   ..  4.3 
^I',  transverse  diameter  measured  on  alveolar  border  at  widest 

part     * - .  3 

M",  jintero-posterior  diameter  measured  on  alveolar  border   .  .  3 
M-.  transverse  diameter  measured  on  alveolar  border  at  widest 

part    2.3 
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PL.VTYQONUS  (  ?),  sp. 

Text,  Fig.  1. 
ZrfwoW J.— Potter  Creek  (lave,  SbSBta  (!o.,  Cialifornia, 
Three  specimens  ffom  the  Potter  Creek  Cave  are  doubtfully 
referred  to  this  genus.  Two  of  theni  are  superior  molars  which 
are  so  poorly  preserved  and  so  badly  worn  that  little  can  be 
determined  regardinp  them.  When  first  examined,  they  were 
thoujiht  to  be  referable  to  a  large  species  of  tapir  and  were 
so  listed  in  the  writer's  preliminarj-  paper,"  The  third  speci- 
men, a  lower  molar  correspondinp  in  size  with  the  teeth  of  the 
superior  series,   is   represented   in   text   fifnire   1.     The   crown 


Fig.  2- 
PlaiggoHus,  sp.    Potter  Creek  Cave. 
Camel  tootb.     Palter  Creek  Cave. 

is  divided  into  two  transverse  lobes  by  a  deep  valley  which 
is  unobstructed  by  ridges  or  tubercles.  The  notchinfr  of  the 
anterior  crest  is  slight,  that  of  the  posterior  crest  deep.  A 
prominent  extension  of  the  cinfrulum  posteriorly  forms  a  heel 
which  appears  to  have  been  more  or  less  continuous  around 
the  external  edge  of  the  posterior  lobe  and  to  have  joined  a 
small  tubercle  at  the  outer  margin  of  the  transverse  valley. 
This  could  not  be  well  brought  out  in  the  figure  as  the  enamel 
has  been  broken  off,  expasinp  the  dentine.  Anteriorly,  there 
are  traces  of  a  narrow  cingulum,  but  none  exists  internally. 
If  the  generic  position  of  the  specimen  has  been  correctly  deter- 
mined, the  remains  indicate  a  species  of  Flatnyoiius  larger  than 
any  previously  described. 

Measurements. 


Antero-posterior  diameter  of  inferior  molar   .  . . 
TracBverae  diameter  at  widest  part  

•Science,  N-S.,  Vol.  XVII,  pp.  708-712,  1903. 
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CAMKl.   RKMAINS. 

■  TmI.  Fir.   2. 

Jf  Altliiiimti  (■JimclH  wcri'  ubiinclunt  in  CiiliFoniia  litirinj:  tin- 
Qnateriinry,  they  did  not  play  an  important  part  in  the  fatma 
of  the  region  about  the  Potter  Creek  Cave.  Thi-ee  molars  of  a 
camel  were  found  in  this  (wve  hut  their  frafrmentary  eomiition 
dpes  not  permit  of  b  generifi  referoiice.  One  of  them,  a  tliird 
inferior  molar,  is  represeulcd,  ntttural  size,  in  text  fipire  2, 
-The  het'l  has  been  gnawed  off  by  rodents.  Most  of  the  eeraent 
and  part  ot  the  estemaJ  enamel  layer  have  been  removed  by  the 
some  meuits. 

PRiTEBATiiERiuM  coLi.iNUM  Furlong  Bod  Sinclair.  ^| 

PI.  ^0,  V\gs.  1,  2.  ■ 

nil  Gtb.,  Vol.  2,  p.  18;   Bull.  Dqit.  OmL 

This  unpilate  itt  repi-esented  by  abundant  remains  in  the 
Potter  Creek  Cave,  where  it  occurs  lu  all  bone-hearing  strata. 
The  specimens  comprise  nnraerons  teeth  fmm  hoth  jaws,  loose 
podial  elements,  and  hmken  hom-eores,  some  of  which  are  sup- 
ported by  a  part  of  the  frontal.  The  various  parts  of  the 
skeleton  were  not  found  associated,  but  there  can  be  little  douht 
that  they  all  belong  to  this  genus.  The  hom-cores  and  the  t«eth 
of  the  superior  series  agree  with  the  type  specimen.  As  these 
remains  do  not  indicate  the  presence  of  more  than  one  species, 
the  limb  bones  arc  idso  referred  to  E.  collinum. 

The  various  podial  elements  of  Euceraiherium  agree  closely 
in  almost  every  particular  with  the  corresponding  bones  in  the 
feet  of  Aplocerus,  excepting  in  size.  Both  anterior  and  pos- 
terior cannon-bones  are  short  and  robust.  In  the  anterior  can- 
non-hone, the  posterior  margins  of  the  proximal  articular  sur- 
faces lie  in  the  same  plane,  while  anteriorly  they  meet  in  an 
obtuse  angle,  producing  an  emargination  of  the  anterior 
proximal  border  which  is  less  marked  than  in  AjAocerus.  (Com- 
pare PI.  20,  figs.  2  and  3.}  The  nutrient  foramen  piercing  the 
anterior  surface  of  the  bone  above  the  distal  condyles  is  also 
much  smaller  than  in  Aplocerits. 
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In  the  hind  foot  (PL  20,  fig.  1)  there  is  the  same  close 
agreement  between  the  two  genera.  One  of  the  most  important 
differences  is  the  close  approximation  anteriorly  of  the  external 
trochlea  and  the  condyle  in  the  astragalus  of  Euceratherium,  In 
Aplocerus,  the  two  articular  surfaces  are  separated  by  a  wide 
groove. 

The  absence  of  close  relationship  between  Euceratherium 
and  the  existing  North  American  cavicoms  is  well  brought  out 
by  a  comparison  of  the  foot  structure,  and  especially  of  the 
cannon-bones.  In  Ovibos  the  cannon-bones  are  short  and  robust 
and  agree,  within  a  few  millimeters,  with  the  dimensions  of 
the  corresponding  elements  in  Euceratherium,  except  in  the 
length  of  the  posterior  cannon  which  is  considerably  greater 
in  Ovibos.*  In  the  latter  genus,  the  proximal  facets  of  the 
anterior  cannon-bone  do  not  lie  in  the  same  plane  posteriorly 
as  in  Euceratherium.  Although  there  is  close  anatomical  agree- 
ment with  the  feet  of  Aplocerus,  the  difference  in  size  of  the 
two  genera  is  very  great.  The  cannon-bones  of  the  bighorn 
sheep  are  much  larger  in  proportion  to  their  width  and  are 
much  less  robust  than  in  Euceratherium.  In  the  domestic  cattle, 
these  bones  are  in  some  cases  as  robust  as  those  of  Euceratherium 
but  are  considerably  longer.  The  extinct  Bovinae  of  this  Coast 
all  have  much  broader  and  heavier  cannon-bones. 

It  is  apparent  from  these  comparisons  that  no  close  relation- 
ship exists  between  Euceratherium  and  the  goat-antelopes  or  the 
sheep.  The  cattle  are  excluded  by  fundamental  differences  in 
dental  structure.  The  feet  of  Ovibos  differ  slightly  in  size  and 
in  minor  anatomical  peculiarities  but  the  large  horn-cores  of 
that  genus  are  of  a  different  type  from  those  of  Euceratherium. 
No  North  American  fossil  forms  are  known  from  older  forma- 
tions which  can  be  regarded  as  ancestral  to  the  latter  genus. 
It  is  possible  that  Euceratherium  represents  an  Asiatic  type 
which  reached  North  America  in  the  Quaternary  along  with  the 
goat-antelopes,  and  that  its  ancestors  are  to  be  sought  among 
the  extinct  forms  of  the  Asiatic  Pliocene. 


•  Dawkins,   W.  B.     British   Pleistocene   Mammalia,   Part   V.,   Palaeont. 
Soc,  1872. 
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AFLOCBROS  iCOHTANtlB  Old. 
PI.  20,  Figs.  3  and  4. 
Parts  of  two  anterior  cannoD-bones  from  the  Potter  Creek 
Cave  are  referred  to  this  species.  No.  4312  (PI.  20,  fig.  3)  rep- 
resents the  proximal  three-fourths  of  the  right  cannon-bone. 
The  specimen  sliows  traees  of  rodent  grawing  and  is  further 
disfigured  by  an  exostitial  growth  at  the  proximal  end,  on  the 
inner  side  of  the  bone.  The  middle  of  the  shait  is  slightly  wider 
than  the  recent  specimen  of  Aploccrtis  with  which  it  is  com- 
pared, but  otherwise  the  two  correspond  closely  in  structure 
and  dimensions.  No.  $332  (PI.  20,  fig.  4),  the  distal  half  of 
a  left  anterior  cannon-bone,  is  slightly  larger  than  the  cor- 
responding element  in  Aplocerus,  but  in  other  respects  does 
not  differ  from  that  genu.i.  In  the  accompanying  table,  the 
dimensions  of  these  two  specimens  and  of  Aplocerus  moutaniis 
are  given  in  parallel  columns. 


No.  4382 

A.  montanua 

. . .  .mm 

35     mm 

•   •  •   • 

25 

•   •  •   • 

13 

42.5 

39.5 

35.5 

32 

15 

14 
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Cannon-bone  No.  i5T2 

Width  at  proximal  end   36     mm 

Width  at  middle  of  shaft   29 

Greatest  thickness  at  middle  of  shaft  13.5 

Width  across  condyles    

Width  at  nutrient  foramen 

Greatest  thickness  at  nutrient  foramen .... 

NOTUROTHERnJM(  ?)  SHASTENSE,  n.  Sp. 
PI.  23,  Figs,  l-5a  and  8. 

Type— No.    S?22,    Univ.    of    Cal.    Palae.    Coll.      An    incomplete    right 
mandibular  ramus  without  teeth. 

Locality.— Foiier  Creek  Cave,  Shasta  Co.,  California. 

This  ground-sloth  is  represented  in  the  cave  collection  by  a 
large  number  of  specimens.  While  teeth  are  wanting  in  the  type, 
the  peculiar  shape  and  dimensions  of  the  alveoli  agree  so  closely 
with  a  number  of  molars  from  the  same  cave  that  there  can  be 
little  doubt  that  they  should  be  referred  to  the  same  species. 

The  type  .specimen  lacks  the  greater  part  of  the  coronoid  and 
angle.  The  anterior  part  of  the  symphysis  is  wanting,  and  the 
alveolar  border  is  somewhat  broken.  The  inferior  border  (PI. 
23,  fig,  2)  is  strongly  convex  with  the  major  convexity  below 
the  third  lower  molar.  From  this  point  it  rises  toward  the 
symphysis,  which  is  quite  oblique  instead  of  being  almost  ver- 
tical as  in  Megalonyx  jeffcrsonii.  The  alveolar  border  in  front 
of  the  second  molar  is  somewhat  broken  and  there  is  no  trace 
of  an  alveolus  for  the  first  molar.  The  anterior  opening  of  the 
alveolar  canal  is  visible  at  the  anterior  extremitv  of  the  ramus. 
Its  posterior  opening  is  at  the  base  of  the  coronoid  process,  on 
the  outer  side  of  the  jaw. 

The  molar  alveoli  extend  to  the  lower  border  of  the  ramus. 
from  which  they  are  separated  by  a  thin  shell  of  bone.  All 
have  parallel  vertical  walls,  indicating  that  the  specimen  is  of  an 
adult  individual. 

In  the  second  low-er  molar  alveolus  (PI.  23,  fig.  1)  the 
lateral  walls  are  inclined  toward  each  other  and  if  produced 
would  meet  anteriorly.  The  tooth  occupying  this  alveolus  was 
grooved  on  both  lateral  faces,  dividing  the  column  into  two 
lobes  of  which  the  anterior  was  the  smaller.     Each  lobe  cor- 
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resixinds  to  a  transverse  ridpe  on  the  crowu.  The  anterior  walll 
nf  the  alveolus  is  plHne.  while  the  posterior  is  eliglitly  convex^l 
with  iiKlicfttioiis  of  a  convfs  median  rib. 

The  alveolus  for  the  third  molar  is  almost  tuiadranewlar  in 
outline.  The  anterior  wall  is  stifrhtly  concave,  while  the  pos- 
terior is  convex  with  a  stmnper  convex  rib  situated  about  mid- 
way. The  lateral  walls  meet  the  anterior  face  at  a  right  angle. 
They  an?  both  grooved.  A  third  lower  molar  of  the  left  side. 
No.  570?  is  represented  on  Plate  '2'i,  figures  4  and  -to. 

The  fourth  molar  alveolus  is  cordate  in  eross-section.  with 
the  indentation  on  the  outer  side.  The  anterior  lobe  prodaeed 
by  this  proove  projects  beyond  the  posterior.  The  tooth  is  rep- 
resented in  the  cave  collection  by  three  speeiniens.  Nos.  8485. 
8328  and  8339,  but  none  of  them  have  the  triturating  surfaces 
preserved. 

Fourteen  molars  referable  to  this  species  were  collected  from 
the  cave,  priBcipally  from  stratum  E.  Three  were  found  in 
stratum  A  and  several  in  the  Buried  Gallerj'  from  stratum  E  or 
F.  Some  of  these  are  shown  on  Plate  23,  figures  3-5a  and  8.  Sev- 
eral are  considerably  curved  and  are  doubtless  of  the  superior 
series.  They  correspond  in  size  to  the  lower  molar  alveoli.  The 
last  superior  molar  of  the  left  side.  No.  8497  is  represented  on 
Plate  23,  figure  8.  It  is  a  triangular  tooth  with  the  posterior 
side  plane,  the  anterior  convex,  and  the  outer  plane  and  meet- 
ing the  posterior  at  a  right  angle.  The  triturating  surface  of 
the  crown  has  been  injured  by  rodents. 

Measurements. 
Length  of  inferior  molar  Berios  measureil  nn  alveolar  border.  .   53.5nim 

Greatest  antero-posterior  diameter  of  the  alveolus  of  M, 13 

Greatest  transverse  liiameter  of  the  alveolus  of  M, 17 

Greatest  antero-posterior  diameter  of  Ihe  alveolus  of  Mi 15 

Greatest  transverse  diameter  of  the  alveolus  of  M, 17 

Greatest  antero-posterior  diameter  of  the  alveolus  of  M 16 

Greatest  transverse  diameter  of  the  alveolus  of  M 17 

Depth  of  ramus  below  alveolar  border  of  .Mj 50 

Least  distance  lietween  alveolar  border  behind  Mj  and  inferior 

border  of  ,iaw   43.5 

Superior  molar  No.  8702,  antero-posterior  diameter  al  triturat- 
ing  siirfai'e    12 

Superior   molar   No.    87 OB,    transierse   diameter   at   triturating 

surface    15.5 


Vol.  4]      Sinclair, — Mammalia  from  Quaternary  Caves,  155 

Third   inferior   molar   No.  57D?,    antero-posterior   diameter  at 

triturating    surface    12 

Third  inferior  molar  No.  570?,   transverse  diameter  at  triturat- 
ing  surface    15 

Superior  molar  No.  S337,  antero-posterior  diameter  at  triturat- 
ing  surface    12.5 

Superior   molar   No.  5337,    transverse   diameter   at   triturating 

surface    15 

MEGALONYX  SIERRENSIS,  U.  Sp. 
Pi.  20,  Figs.  5-8;  PI.  21,  Figs.  1  and  2;  PI.  22,  Figs.  1-3. 

Type— A  lower  jaw,  in  the  Harvard  Museum  of  Comparative  Zoology, 
Cambridge  Mass.,  and  No.  5T3U,  Univ.  of  Cal.  Palae.  Coll.  Left 
scapula,  scapho-trapezius,  trapezoid  and  magnum;  right  calcaneum 
and  navicular;  several  imperfect  metatarsals;  a  broken  claw;  part 
of  the  tibia;  several  vertebrae  and  numerous  fragmentary  bones. 
The  Harvard  specimen  and  the  material  at  the  University  of  Cali- 
fornia belong  to  the  same  individual. 

Locality. — Mercer's  cave,  near  the  town  of  Murphys,  Calaveras  County, 
CaUfomia. 

A  part  of  the  remains  of  this  sloth  were  found  when  Mercer's 
cave  was  first  discovered.  The  mandible  was  presented  to  the 
Harvard  Museum  of  Comparative  Zoology  in  1887  by  Mr. 
Z.  A.  Willard.  A  broken  tibia,  a  calcaneum  and  some  other 
fragmentary  bones  lay  on  a  block  of  limestone  to  which  they 
were  cemented  by  stalagmite,  and  were  for  years  an  object  of 
curosity  to  persons  visiting  the  cave.  Through  the  kindness 
of  Mrs.  Mercer,  these  were  presented  to  the  University  of  Cali- 
fornia in  1901,  and  permission  was  obtained  by  Professor  J.  C. 
Merriam  to  search  for  additional  material.  At  Professor  Mer- 
riam's  request,  the  writer  visited  the  cave  during  the  summer  of 
1902,  securing  several  fairly  complete  bones,  notably  the  scapula, 
a  number  of  podial  elements  and  a  few  vertebrae.  The  bones 
were  found  in  the  crevices  between  large  limestone  blocks  in 
the  narrow  part  of  the  cave  above  the  chamber  known  as  *'The 
Flower  Garden.''  Some  were  fairly  well  preserved,  being 
coated  with  stalagmite,  others  were  exceedingly  soft  and  spongy, 
and  a  large  amount  of  the  material  was  too  fragmentary  to 
be  of  use. 

The  cave  is  developed  along  a  fissure,  running  parallel  with 
the  strike  of  the  Carboniferous  limestone.  Radiating  from  the 
present  entrance  there  is  an  earth  fan,  but  deeper  down  the 
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fissure  is  nlmnst  chnked  hy  large  fallt>ii  hluoks.  Prom  the  pasi- 
Ijon  of  the  filnUl  remains  beapiitti  some  of  these  bloeks  it  was 
evident  that  many  of  IW  InttiT  had  rent-hed  their  present  rest- 
ing place  at  a  later  dntc  than  the  bones.  The  nbriipt  descent 
precludiw  the  idea  that  the  auimal  wandered  into  the  cave  and 
there  diod.  The  best  ''xplHtiHtimi  of  its  presence  seems  to  be 
that  it  wna  killed  by  a  fall  into  the  cave.  _ 

Through  the  kiridiiesa  of  Pr.  C.  R.  Eftstninn,  thu  specimen  iftl 
the  HaiTard  Museum  was  borrowed  for  examination.     On  thoJ 
acconipan^Hn^   liibel    it   was  Ktated   ttint   fragments   of   humtuifl 
crania    were    found    asanciated    with    the    mandible.      Scveral'l 
human  skeletonB  wt?re  found  on  the  surfaee  of  the  earth  slope 
mentioned  above,  but  these  were  probably  comparatively  ree^itt 
Indiau  interments,  while  the  sloth  remains  were  from  a  much 
deeper  part  of  the  cave.     Some    of    the    human    bones    were   , 
incrusted  with  a  verj-  thin  shell  of  stalagmite.    It  seenjR  onee  ttti 
have  been  the  custom  of  the  Indians  in  this  rcirion  to  cast  tU 
bodies  of  the  dead  into  such  natural  pits  snd  eavcJi  us  the  regtol 
afforded.    The  human  remains  in  Mercer's  enve  were  apparenUjtf 
introduced  in  this  way. 

The  grouud-sloth  bones  collected  are  those  of  a  young  animal 
and  differ  in  several  respects  from  Mcgaloni/i  jrffcrsonii  with 
which  some  of  the  dimensions  compare  favorably. 

Two  views  of  the  mandible  are  given  on  Plate  21.  The  jaw 
is  smaller  than  the  corresponding  element  in  Megalonyx  jeffer- 
sonii,  but  this  is  due  in  part  to  the  youth  of  the  animal,  in 
which  the  epiphytic  elements  were  still  distinct.  The  bone 
is  invested  with  a  layer  of  stalafimite  which  increases  its  size 
slightly.  The  second  and  fourth  molars  on  the  right  side  have 
the  triturating  surfaces  broken.  Some  of  the  teeth  are  more  or 
less  coated  with  stalagmite.  The  canine  molars  are  not  much 
curved.  The  external  dentine  layer  only  could  be  distinguished. 
The  internal  convex  rib  is  not  quite  central,  and  the  concavity 
boimding  it  posteriorly  is  deeper  than  the  anterior  one. 

A  comparison  of  the  dimensions  tabulated  on  page  159  with 
the  measurements  of  the  mandible  of  Megalonyx  jcfff.rsonii 
given  by  Leidy,'  shows  that  while  the  jaw  is  shorter  and  shal- 
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lower,  the  posterior  molars  are  of  the  same  size  as  in  that 
species. 

The  scapula  (PI.  22,  fig.  1)  is  broken  anteriorly,  and  lacks 
the  supraspinous  fossa,  the  scapular  spine,  and  the  coracoid 
process.  These  parts  had  disappeared  before  the  specimen  was 
discovered.  At  the  anterior  border  of  the  glenoid  fossa  there  is 
a  rough  surface  for  the  attachment  of  a  glenoid  epiphysis  like 
that  found  in  young  individuals  of  Megalonyx  jeffersonii. 

The  glenoid  fossa  as  preserved  in  the  cave  specimen  is  much 
longer  and  wuder  than  in  jeffersonii. 

The  anterior  extremity  of  the  superior  border  of  that  part 
of  the  scapula  preserved  is  greatly  thickened;  the  posterior 
extremity  much  less  so.  The  posterior  scapular  border  is 
strongly  concave  antero-posteriorly,  differing  in  this  respect 
from  jeffersonii.* 

The  subscapular  fossa,  so  far  as  preserved,  is  smooth  and 
basin  shaped,  without  the  alternation  of  ridges  and  sloping 
surfaces  described  by  Leidy  for  jeffersonii.j 

The  supraspinous  fossa  is  not  shown,  and  the  thickening 
of  the  anterior  border  mentioned  above  represents  the  base  of 
the  scapular  spine.  The  infraspinous  fassa  is  convex  in  all 
directions,  with  a  low  median  ridge.  In  jeffersonii  both  fossae 
on  the  lateral  surface  of  the  scapula  are  deeply  concave.t 

No  foramina  are  indicated  beneath  the  thin  layer  of  stalag- 
mite which  preserves  the  specimen. 

The  scapho-trapezius  (PI.  20,  figs.  7-8,  s-t)  is  irregularly 
tetrahedral  in  shape,  with  a  broad  convex  proximal  facet  for 
the  radius.  Distally,  the  most  prominent  facet  is  that  for  the 
trapezoid,  which  extends  from  the  dorsal  almost  to  the  palmar 
margrin  of  the  bone,  while  in  jeffersonii  it  is  broadly  separated 
from  the  latter.  The  facets  for  the  magnum  and  lunar  are  not 
well  preserved,  as  the  specimen  has  suffered  considerably  from 
decay  which  has  reduced  its  dimensions  at  several  places.  A 
similar  though  slightly  larger  and  somewhat  less  complete  bone 
w^as  obtained  from  the  Potter  Creek  Cave  (No.  8201). 


•  J.  Leidy,  op.  cit.  PI.  VIII,  fig.  3. 
t  Ibid.  pp.  24  and  25. 
t  Ibid.  p.  25. 
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The  tra|M>Koid  (PI.  20,  fiire.  7-8  ()  is  a  small  element,  tri« 
auinilar  in  section  when  viewed  from  below.  The  facet  for 
artit-ulat  inn  with  the  sPHpho-tnipeziiis  which  oeciipies  the  entiWH 
proximal  Hiirfaee  is  eonvex  in  dorso-paliuar  section  and  si^moij 
tninsvcmfly.  The  articuliition  is  continued  on  the  inner  sidC 
of  the  bone  as  »  snrfaee  inseparable  from  the  proximal  one.  Aq 
oblong  dorsal  factd,  concave  in  dorso-palmar  section  and  a  smoB 
ellipsoidal  convex  palmar  faect.  Reparated  from  the  former  ^ 
a  irroove,  articulate  with  the  ma^um.  A  larpe  distal  facet* 
sigmoid  in  dorso-palmar  section,  artienlates  with  the  second 
metacarpal. 

The  manvum  (PI,  2t1,  figs.  7-8  m)  is  bn>ken,  and  has  lost  t)H( 
articidar  snrfaces  for  the  seapho-trapezins  and  the  lunar; 
There  is  an  irregularly  oval  palmar  facet  for  the  scapho*' 
trapezius,  a  concave  roughly  quadrilateral  distal  facet  for  the 
third  metacarpal  and  two  facets  for  the  uuciforme,  a  large 
irregularly  elongate  facet  proximally,  and  n  small  acutely 
ovoidal  facet  on  the  anterior  distal  edge  of  the  iKine. 

The  cahiincum   (PI,  22,  figs.  2  and  3)  differs  from  th<?  coi^ 
responding  element  in   Megalonyx  jeffcrgonii  in  the  followinul 
respeet-s : 

(a)  The  postero-inferior  extremity  of  the  tuber  calcis  is 
directed  toward  the  inner  side,  while  in  jeffersonii  it  is  directed 
toward  the  outer  side.' 

(b)  The  inner  surface  of  the  tuber  calcis  is  concave  antero- 
posteriorly,  while  in  the  vertical  direction  it  is  convex  below  and 
plane  or  slightly  concave  above.  In  jeffersonii,  it  is  concave  in 
both  directions. 

(c)  In  jcffersovii,  "posterior  to  the  articular  extremity,  the 
ealcaneum  forms  a  lai^e  plate  nine  inches  in  depth,  and  only  a 
fourth  of  an  inch  in  thickness  toward  the  center,  "t  In  the 
Califomian  species,  this  plate  exceeds  three-quarters  of  an  inch 
in  thickness  toward  the  center  and  is  never  less  than  half  an  inch 
in  thickness  at  the  margin. 

(d)  While  the  neck  of  the  tuber,  behind  the  articular  sur- 
faces is  only  .slightly  wider  vertically,  than  in  jeffersonii,  the 

■  J.  Leidy,  op.  n1..  PI.  XII,  fig.  6. 
+  Lor.  cit.  p.  41. 
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length  of  the  ealeaneum  and  the  width  across  the  fan-like  expan- 
sion at  the  posterior  extremity  of  the  bone  is  far  less. 

The  navicular  (PI.  20,  figs.  5-6)  has  a  shape  slightly  different 
from  that  in  jeffersoniif  being  irregularly  triangular  in  outline, 
with  the  angles  broadly  rounded.  On  the  distal  surface,  the 
facets  for  the  cuneiform  bones  are  separated  posteriorly  by  a 
sharp  ridge,  while  in  Leidy's  figure*  of  the  navicular  of  jeffer- 
sonii  they  are  represented  as  separated  by  a  groove. 

Two  vertebrae  are  preserved,  a  caudal  and  an  anterior  dor- 
sal. In  the  caudal,  the  vertebral  canal  is  low  and  broad  and  the 
transverse  processes,  arising  from  the  centrum  are  directed 
posteriorly.  The  epiphyses  are  wanting  and  the  sub-epiphytic 
margins  are  bent  inward  tx)ward  the  median  plane  of  the 
centrum.  In  the  dorsal,  the  transverse  processes  are  broad  and 
are  situated  high  up  on  the  neural  arch,  rising  above  the  zyga- 
pophyses.  The  spine  is  short  with  acute  anterior  edge.  The 
neural  canal  is  circular.  The  centrum  is  not  preserved.  Below 
the  prezygapophyses,  a  small,  hemispherical  process  rises  from 
the  anterior  surface  of  the  neural  arch. 

Fragments  of  several  other  bones  were  found,  but  they  are  all 
too  incomplete  to  describe. 

The  species  is  separated  from  the  Californian  forms  of  the 
same  genus  described  in  the  present  paper  by  the  size  of  the 
teeth  and  the  shape  of  the  jaw,  in  which  respect  it  resembles 
Megalonyx  jeffersonii,  differing  from  that  species,  however,  in 
many  skeletal  particulars.  It  has  not  been  identified  from  the 
Potter  Creek  Cave,  unless  the  doubtfully  determined  specimen 
referred  to  Megalonyx  jeffersonm  can  be  shown  to  belong  here. 

The  specific  name  refers  to  the  locality,  in  the  foot  hills  of 
the  Sierra  Nevada  Range. 

Measurements. 

Length    of    ramus    from    anterior    extremity    of    symphysis    to 

condyle  inclusive    261.5  mm 

Length  of  lower  molar  series  (M2-M4)   63 

Length  of  symphysis  externally  81 

Depth  of  jaw  below  M, 75 

Depth  of  jaw  below  M4 70 

Diameters  of  lower  molar  crowns  not  including  stalagmite: 


• 


J.  Leidy,  loc,  cit.  PI.  XIII,  fig.  8. 
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Mi,  RTitrrn- posterior  diameter  of  (;Hti(Ung  fitoe 

M„  transwriip  diameter  of  grinding  fiice IS 

M^  rnitiTci-liiiHteTior  diameter ,   IT 

Mb   traniiverBe   diameter   20 

Ml,  aiit«rii-posterior  diameter   IS 

M„  traiiBveroo  di&meter   . .  . ., 23 

M„  nntoni-pOBterior  diameter   17 

M„   IraiwverBo   diameter    23.5 

Orraitest   Imgth    from   glenoid   eavitj   of   scApula   to   superior 

m-apular   border    285 

Distunrr   from   glenoid   border   to   posterior  inferior   angle   of 

(n-apula    136 

OrcatMt  width  of  glenoid  cavil;  of  scapula 102 

Ureatrat  length  of  glenoid  cavitj'  of  scapula 100 

Grcnt(!St  li^ngth  of  calcsneum   143 

Orentest  wiOth  of  fan-like  expansion  of  tuber  calcis 131 

Width  of  neck  of  tuber  calcis  at  oarrowflBt  point G7 

Oroatest  wi-lth  of  poaleriar  inargin  of  tuber  calcis 33 

Least  vridlh  of  posterior  margin  of  tuber  caktB 13 

Dislanre  from  posterior  extremity  of  tuber  to  inferior  border 

of  astragalar  fiicet   108 

Greatest  dorao-plantar  diameter  of  Bavicular TO 

Orciitest  tranaverst-  diameter  of  navicular 64 


MBGAIX)NTX(  7),  Sp. 
PI.  23,  Fig.  8. 

-Potter  Creek  Cave, 


The  large  molar  shown  on  plate  23,  figure  6  (No,  8705)  is 
doubtfully  referred  to  Megalonyx.  It  is  oblong  in  outline,  with 
one  of  the  narrow  lateral  faces  convex  and  the  other  with  a 
median  groove.  The  remaining  faces  are  respectively  broadly 
concave,  and  convex  with  a  low  median  convex  rib.  At  either 
extremity  of  the  deep  groove  crossing  the  triturating  surface 
there  are  shallow  concavities  separated  from  each  other  by  a  con- 
vex surface.  In  this  respect,  and  in  the  shape  of  the  crown  and 
its  superior  size,  the  tooth  is  unlike  that  of  any  species  of 
Megalonyx  known  from  this  state.  In  Shape  the  tooth  is  also 
unlike  Mylodon.  It  is  broken  off  a  short  distance  below  the 
triturating  surface. 

Me  ASTIR  EMEKTS. 
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MEGALONYX  WHExVTLEYI  Cope  (?). 
PI.  23,  Fig.  7. 
Locality. —Fotter  Creek  Gave. 

A  single  specimen  (No.  8203)  is  referred  to  this  species.  It 
has  the  characteristic  triangular  form  of  the  superior  molars  of 
MegalonyXy  with  the  apex  of  the  triangle  rounded  and  the  base 
slightly  grooved.  The  remaining  faces  are  respectively  plane 
and  convex.  In  dimensions,  it  agrees  with  Cope's  Megalonyx 
wheatleyi,  and  in  the  absence  of  negative  characters  has  been  re- 
ferred to  that  species.  Megalonyx  wheatleyi  was  described  from 
material  collected  from  the  ossiferous  deposit  filling  a  fissure  ex- 
posed in  a  quarry  at  Port  Kennedy,  Pennsylvania.  The  poster- 
ior molars  can  be  distinguished  from  those  of  Megalonyx  jcf- 
fersonii  only  by  their  inferior  size.  The  tooth  from  the  Potter 
Creek  Cave  is  intermediate  in  this  respect  between  Nothrother- 
inm  shastense  and  M.  sierrensis.  It  is  slightly  wider  at  the 
base  of  the  pulp  canal  than  at  the  triturating  surface,  indicating 
that  the  animal  was  not  fully  mature. 

Measurements. 

Antero-posterior  diameter  of  molar  at  triturating  surface ....  12 

Antero-posterior  diameter  of  molar  at  margin  of  pulp  canal.  ..  12.5 

Transverse  diameter  of  molar  at  triturating  surface 19.5 

Transverse  diameter  of  molar  at  margin  of  pulp  ca.nal 20.5 

MEGALONYX    JEFFERSONII   Lcidy    (?). 
Locality.— Potter  Creek  Cave. 

This  identification  is  based  on  a  fragmentary'  canine-molar 
(No.  8620)  which  agrees  in  dimensions  with  Megalonyx  jeffer- 
sonii.  Although  not  much  curved,  the  obliquity  of  a  small  part 
of  the  triturating  surface  preserved  indicates  that  the  tooth 
probably  belongs  to  the  superior  series.  The  convex  rib  is  situ- 
ated midwav  on  the  inner  side  of  the  tooth  with  a  well  marked 
concavity  on  either  side.  It  is  possible  that  this  tooth  should  be 
referred  to  Megalonyx  sierrensis,  in  which  the  upper  molars 
are  not  known,  but  the  convex  rib  in  the  lower  eanine-molai's  of 
that  species  is  less  centrally  located  than  in  the  specimen  in 
question.  If  the  tooth  were  entire,  the  measurements  given  below 
would  be  slightly  increased.     In  particular,  the  antero-posterior 

diameter  would  be  lengthened  one  or  two  millimeters. 

Measurements. 

Antero-posterior  diameter  of  canine-molar 34mm 

Transverse  diameter  of  canine-molar    16 


are  rfproduced  natural  nisi:. 

Figs.  1-3.     Thomomyii  mierodon  n.  Hp.    Superior,  inferior  nnd  tutomt  v 

uf  the  typo  npcuimpa. 
Kiga.  4-6,     Trnnonui  tpelnca,  n.   »p.     Superior,  lateral,  and  inferiur  \ 

(if  the  type  apwimeo. 
Fig.  7.     Tconoma  epclaca.     Superior  view  of  the  mandible. 
l''iga.  8,  !•.     Aiilodontia    major  foseilis,   n.   sub-sp.      External   aad    internal 

views  of  the  right  rHiniis  of  the  mandible. 
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Fig.    1. 
Fig.  H. 


ngB.  .1. 

Figs..  7, 


m.   Left   pes.     Several  dissociateil   elpmuuts  J 
a-  uumbiu^  in  the  drawing. 
riilhcHunt   collinum.     Left  anterior  eBnnoii-bone. 

Jplocrrwi  mmitanai.  Portions  uf  anterior  cannon-bones.  'Die 
proiimal  tlirce-fonrtba  of  the  ri^t  canuiin-boDe  ig  re j<  re- 
sented in  figiiro  3,  while  i  Hhows  the  distal  half  of  the  aame 
element  of  the  opposite  side. 

Mfgatonyx  sifTTevxis,  n.  up.  VtewB  of  tlie  proximal  and  dia- 
inl  Burfacca,  reapoctively,  of  the  right  navicular. 

U.  sierrenais.  Views  of  the  dorsal  and  distal  aspects  of  the 
left  sea  1*0 -trapezius  (»-t),  trapezoid  (()i  and  magnum  (m). 
One  of  the  facets  for  articulation  between  the  reapho- 
trapeziuB  and  lunar  is  seen  at   (1). 
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EXPLANATION  OF  PLATE  21 


B^h  llf'tp-*  are  lOPiewhat  more  than  o 


f-kalf  TMitural  nee  (i.e.  X.62). 


.  1,  2.  Megalonyr,  sifTTtntis,  n.  Bp.  Superior  and  lateral  aspect  of 
the  nianilible.  Reproduced  from  photog^apha  of  the  apei^i- 
men  in  the  Harvard  Uoseop  of  CfHOparatiTe  3^9fS^ 
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KXPLANATIdN  OF  PLATE  2S. 


All  fiffvrai  are  rejwudiicud  natural  »ice. 


PigB.  l.i.     Nolhralherivni  (t>  thatUiuie,  a.  ep.    Bight 


hip  vieww)  from  iihovu  and  from  Ibe  bioer  wdB. 


tig.   6. 

Fig.  7. 


N.   (!)   jihfUiKiur,     A  BBporior  molnr  of  the  aame  t 
luteral   vIkwb,   (diuuiii)!   Itie  furvaturw   at  tho   Mntb   and   tht 
imttrrn  of  the  tritiinting  enrfaM. 
I.     A'.    ( T)   thiuleiut:     hvtl  third  inferior  nioUr,  nhowl 
jiattprn  of  the  Irltiirating  anrfncc  and  the  coitCBvo  ■ 
wHlt  of  the  tooth, 

.  N.  (t)  nbnxteniie.  Superior  mnlai-  No,  SS37,  rnferrcd  t 
Hamv  appcips  na  the  abuvp.  shcnving  the  triturutinit  au 
HU<1  tlie  com  ex  rih  on  the  aide  of  tlie  tonth  rj^wn. 

lesfatonyse  (f).    View  of  the  triturating  surfnco  of  a  molar  (No. 
H7IR),  doolilfully  referred  to  this  genus. 


fiew  of  amolar.     The  triturat- 


megalviigx  whcalleiii   (t).     Crown 
Ing  siirfuce  is  slightl;  broken. 

NothrolheriMm  sluuteiise.  Triturating  surface  of  the  fifth 
superior  molar  of  the  left  aide.  The  tooth  has  t>eeii  damaged 
hj  rodent  gnaning  and  its  outline  is  restored  by  a  broken 
line.  The  restoration  is  based  on  the  shape  of  the  tooth 
shown  at  the  margin  of  the  pulp  eanal. 
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INTRODUCTION. 

In  the  course  of  the  exploration  of  the  Quaternary  Caves  of 
Shasta  County,  conducted  by  the  Department  of  Anthropolo2r\' 
of  the  University  of  California  durinjx  the  past  three  summers,  a 
lar^e  quantity  of  unjnilate  material  has  been  brou^rht  totrether 
Throu*;h  the  kindness  of  Professor  J.  C.  INFerriam,  it  has  been  the 
writer's  privile<;e  to  prepare  and  study  this  eolleetion. 

In  the  material  from  the  Samwel  Cave  there  is  a  nearlv  com- 
plete  skeleton  of  a  large  sheep-like  animal  difterinfr  from  all 
described  forms.  There  are  also  the  skull  and  horns  of  another 
individual  of  the  same  species,  and  other  more  frap:mentary 
material.  These  anunals  were  contemporary  with  EuccratJicr- 
inm  collinum*  recently  described  from  Potter  Creek  Cave;  the 

♦  Univ.  of  Cal.  BuU.  Dept.  Geo.,  Vol.  3,  No.  20,  pp.  411-415,  Pis.  50-51. 
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remains  of  the  two  being  found  assooiated  in  the  < 
deposits  of  Samwel  Cave. 

While  resembling  Euceratherium  in  genera),  thr  e^nmiam  a 
horns  are  markedly  different  in  raany  respects.    These  diffe^'" 
ences  seem  lo  warrant  the  placing  of  the  new  typt'  in  a  distinct 
genus  for  which  the  name  Preptoceras  is  proposwL 

pREi*TocEB.\s  SINCLAIR!,  new  genuR  and  sp*^i<«.* 
Pis.  24  Kod  £5. 

Tyjie.— Specimcu  Nu.  9S5S.  I'nJr.  of  Cal.  Pakcanl.  CaU. 

Oene>-ic  characiirs.—ilom-coivs  solid,  on  the  posterior  i 
tremity  of  the  frontals,  well  back  of  the  orbits  and  rather  • 
-  separated,  Frontals  rising  at  a  steep  an^rte  fn>in  anjuis  tn  fm 
a  greatly  swollen  area  hftween  and  Iii^h  above  the  orbitx.  tt» 
rymnl  pit  broad  and  shallow.  Teeth  h>-psodoat.  larire.  withi 
cement,  superior  molars  with  very  smull  mediun  ac-ctssorii-  ) 
on  the  inner  sides.     Horn-cores  with  distinct  burrs  at  tlie  I 

Specific  c/(ar(ir((r«.— ProximnI  third  of  hom-eorrai  tlBllrnnt 
anteriorly,  t'mxiiiial  third  diWH-tt'd  otilward  und  xlitihlly  np- 
ward,  distal  third  ciirvine  forward  and  downward  with  «b 
elevated  [xiint.  Occiput  with  no  median  keel  abow  (dcmiiin 
magnum. 

Occurrence. — The  type  Ri)ecitiien  was  diHcuvered  by  tfav  writer 
ill  Samwel  Cnve  on  the  McCloud  River,  Shasta  Coiinly,  Califor 
nia.  It  consists  of  the  greater  part  of  the  skelelou  ot  a  youne 
individual.  The  skidl  lacks  the  median  ]»<»rtion.  This  irgton  », 
howerer,  represented  in  another  indindual.  Tbe  su|>erior  deuti- 
tioQ  is  complete  on  the  left  side.  The  left  ramus  of  the  nunditde  _ 
was  in  articulation  with  the  akuU,  as  were  also  the  i 
vertebrae. 

The  remains  wcn>  excavated  from  a  ahallow  d^-pont  in  I 
deepest  chamber  of  the  cave,  at  a  depth  of  six  inebea  to  two  ( 
Tbf  bimes  were  more  or  Its*  covered  by  stalainiiite  varyini;  I 
thickness  fnnri  one  to  twenty-fix-e  milliinetem.   A  larse  quantity  ' 
of  matt-rial  from  the  tuime  deposit  i«  referable  to  this  (traiu  and 
to  Eucerallierinut. 

t  I  Uko  iilnuiiin'  in  uuiiiBg  this  spmira  in  boaar  of  I>r.  Wnu  J.  Bln«liir. 
wbo  KM  lilnatiBwl  with  tb«  Itnil  oiteuive  csiv  explMUlob  in  OiTifiiiala 
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From  the  associated  fauna  and  the  occurrence  of  the  deposit, 
FreptocercLS  is  considered  to  be  of  Quaternary  age,  but  prob- 
ably somewhat  later  than  the  epoch  represented  by  the  principal 
deposit  at  Potter  Creek  Cave. 

Cranium, — The  cranium  is  that  of  an  immature  individual 
in  which  the  last  permanent  teeth  are  being  erupted.  It  is 
slightly  larger  and  more  robust  than  the  skull  of  Euceratherinm. 
Tiewed  from  the  front  there  is  a  strong  resemblance  to  Budorcas 
iaxicola,  and  like  the  latter  there  is  a  suggestion  of  affinity  with 
the  IMusk  Ox.  The  horn-cores  of  Preptoceras  differ  from  those 
of  Bnd^rcas  and  Ovibos  in  length  and  cur\^ature.  In  both  of 
these  characters  they  closely  resemble  those  of  Bos. 

The  nasals  and  frontals  are  partly  destroyed  in  the  type 
specimen,  but  in  another  individual  from  the  same  deposit  they 
are  complete.  The  nasals  are  flat  dorsally  with  steeply  sloping 
sides.  The  anterior  ends  are  decurved  and  converge  to  form  a 
blunt  point.  Posteriorly,  the  ends  slope  upward  to  the  fronto- 
nasal suture.  The  posterior  ends  are  not  separated  to  form  two 
distinct  points  as  in  Budorcas. 

The  frontals  rise  from  the  nasals  at  a  steep  angle  and  are 
much  inflated  dorso-ventrally  above  the  orbits.  In  Euceraiher- 
ium  the  frontals,  while  slightly  convex  above  the  orbits,  do  not 
rise  from  the  nasals  at  a  sharp  angle,  but  present  rather  a  plane 
with  luiiform  inclination  from  the  nasals  to  the  base  of  the  horns. 

The  horn-cores  grow  from  the  extreme  posterior  and  lateral 
ends  of  the  frontals,  and  show  distinct  burrs  at  the  base.  They 
are  situated  rather  wide  apart  at  the  base.  The  cancellous  tissue 
extends  but  a  short  distance  above  the  burrs.  In  the  proximal 
two-thirds  the  anterior  surface  is  flattened,  and  the  posterior 
surface  strongly  convex.  The  distal  third  is  rounded  and  tapers 
gradually.  In  Euceratherinm  the  horn-cores  are  much  closer  to- 
gether at  the  base,  and  in  size  and  curvature  suggest  those  of 
Capra. 

The.parietals  and  frontals  are  fused  just  back  of  the  horns, 
the  parietals  forming  the  dorso-posterior  roof  of  the  cranium. 
The  parietals  slope  posteriorly  at  a  sharp  angle  to  the  promi- 
nent lambdoidal  crest. 


III  Preptoceras  the  occipital  suture  is  midway  between  the 
lambdoidal  crest  and  th«?  furamen  maguitm,  while  in  Euceralher- 
ium  the  tttitiire  is  much  nearer  the  crest  and  pives  a  relatively 
Sjreater  area  t«  the  necipit^  than  in  Frcptocrras.  The  laiiib- 
ddidal  crest  overhaniia  the  ocelput.  forming  deep  fossae  im  either 
side  of  the  mediiin  tulierdf.  These  are  uhsent  in  Eucerutheriiim. 
In  the  latter,  ahove  the  mastoid,  where  the  squamosal,  occipital 
and  parietal  eh>nients  meet,  proipinent  tubercles  are  formed, 
from  which  a  buttress-like  ridKC  passes  dorsally  to  the  base  of 
the  horns.  This  brinp*  the  parietais  almost  into  the  plane  of  ths  J 
occiput  and  jjives  the  back  of  the  cranium  a  square  appearancp/l 
This  angiitatinn  is  absent  in  Preploceras.  There  is  nn  ridge 
from  the  lambdoidal  crest  to  the  base  of  the  horns  and  the  parie- 
tuls  pass  back  of  the  hom-cores  to  the  cranial  roof  in  a  uni- 
formly curved  surface,  makinp  a  deep  concavity  between  tbt 
arest  and  the  horn-cores. 

Tiu!   elements   of   the    basioccipital   repon    are   in    generan 
broader  than  in  Euce rathe rium,  though  the  foramina  occupy  the 
same   positions.     The   occipital   tubercles   have   not   such   well 

defined  anterior  and   postei-ior  areas,   the  median   constriction 

beiuK  leas  marked  iu  Prcptocrras.  The  paroccipitai  processes  arF=^ 
relatively  more  robust  and  higher.  A  raised  posterior  elongation* 
of  the  low-lying  tympanic  bullae  rests  against  its  base  more  dis- 
tinctly than  in  Eiiccratlierium. 

The  maxillae  are  gi-eatly  swollen  at  the  sides  as  in 
Eitccrathe.rium.  This  is  apparently  not  due  entirely  to  the  im- 
matiirity  of  the  individual.  The  palatal  portion  of  the  maxillae 
diii'ei'S  in  the  relative  measurements.  The  anterior  margin  of  the 
posterior  nares  is  between  the  crescents  of  the  last  superior 
molars,  while  iu  Euceratheriiim  the  margin  is  on  a  plane  with 
the  posterior  border  of  the  last  molars.  The  shallow  fossae  on 
either-  side  below  the  narial  border  in  Euceratlieriiim  are  absent 
in  Freptoceras,  this  region  being  more  like  that  in  AfAocerus. 

Deiitilioii.—The  dentition  resembles  even  more  closely  that  of 
Ovibos  than  docs  Euceraiherium,  the  length  of  the  dental  series 
being  the  same,  as  that  of  an  adult  skull  of  Ovibos  in  the  Univer- 
sity collection. 
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The  superior  dental  series  on  the  left  side  is  nearly  complete, 
with  the  last  deciduous  molar  about  to  give  place  to  the  perma- 
nent tooth,  thus  making  the  individual  probably  two  years  old. 
The  crowns  of  the  teeth  are  unworn  and  present  in  general  the 
form  seen  in  the  Ovinae.  They  are  hypsodont  with  no  cement. 
In  the  deep  groove  at  the  confluence  of  the  walls  of  the  inner 
crescents  of  the  molars  there  is  a  very  small  accessory  stvle  w^hich 
is  not  present  in  Euceratherium.  The  inferior  premolars  of  the 
left  side  are  missing,  but  those  in  the  right  ramus  are  present. 
Pj  is  about  to  be  shed,  the  permanent  teeth  just  appearing  above 
the  alveolar  border.  The  second  milk  incisoi's  are  present  and 
the  crowns  of  the  permanent  incisors  visible.  Their  form  is  much 
like  those  of  Ovibos. 

Vertebrae. — The  number  of  cervical  and  lumbar  vertebrae 
corresponds  to  that  in  the  Ovinae.  Their  centra  are  not  so 
sharply  keeled  ventrally  as  in  Capra  and  Aplocerus.  They  are 
relatively  shorter  than  in  these  latter  genera  and  are  much 
hea\'ier  and  robust  in  every  way.  The  pre-  and  post-zygapophy- 
ses  of  the  cervicaLs  are  more  like  those  in  the  domestic  goat  than 
Aplocerus,  in  that  there  is  no  sharp  lateral  constriction  separat- 
ing them  into  distinct  anterior  and  posterior  limbs,  but  they  form 
an  antero-posterior  lamella.  The  lumbar  and  sacral  vertebrae 
closely  resemble  those  of  Aplocerus.  No  caudal  or  thoracic 
vertebrae  were  present  and  they  have  been  restored,  the  former 
from  Aplocerus,  the  latter  from  vertebrae  associated  with  Prep- 
toceras remains  in  Samwel  Cave. 

Limbs  and  Girdles. — The  scapula  in  Preptoceras  is  rather 
hea\y  compared  with  that  in  Aplocerus.  The  acromion  is  not 
produced  in  a  convex  anterior  surface  in  its  distal  half  as  in 
Aplocerus. 

The  humerus  is  robust,  it  has  a  very  broad  head  and  strongly 
developed  tuberosities  with  a  deep  bicipital  groove.  The  shaft 
is  heavy  with  prominent  deltoid  and  supinator  ridges. 

The  radius,  ulna  and  distal  elements  of  the  fore  limb  are  in 
general  like  those  in  the  Ovinae,  though  heavier.  The  articular 
facets  of  the  carpalia  are  placed  so  as  to  throw  the  knee  toward 
the  median  line,  resembling  Bos  in  this  respect  in  a  greater  de- 
gree than  the  Ovinue. 
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The  pelvis  is  hea^-y  and  narrow,  indicating  an  individual  of 
the  tnalo  acx.  Though  no  pelvis  of  Eucsratherium  has  been 
identified,  the  type  specimen  is  judged  to  be  of  male  sex.  Por- 
tions of  th(>  skulbt  of  ciitht  individuals  in  the  collection  are  re- 
ftrabli-  to  Kurcratherium  aiui  the  differences  noted  in  them  indi- 
tote  difference  of  sex.  'I'hc  eleuienta  of  the  hind  limbs,  like  those 
of  the  fore  limbx.  arf  hfi-av-j'  and  rugged  compared  with  the 
typical  Or  in  Of.  The  ^eater  and  lesser  trochanter,  gluteal 
tubercle  and  all  processes  for  inumcidar  attachment  are  stronprl.v 
developed. 

Affinitiea.--Prcptoceras  has  interesting  rewmblances  tn 
Budarcas  and  to  Ovibos,  though  not  nearly  related  to  either.  U 
probably  bears  somewhat  the  same  degree  of  relation  to  OviboM 
that  Budoreas  does.  Its  closest  affinity  is  with  its  contemporary 
Eucfratheriiim.  It  stands  in  about  the  same  relation  to  tfai* 
Oviiiae  as  Hoen  the  latter  and  is  tentatively  placed  in  that  sub- 
family. Preptorerag  and  Eiiceratheriam  have  unique  character- 
istics in  common  and  will  probably  have  to  be  placed  in  &  gn>up 
by  themselves  when  studied  further. 


MKAEI'BEMEVTS. 

Basilar   jengih   of   craniuin   from   the  anterior    border   of   Ihe 

alveolus  of  P*  to  condyle,  inclusive 300     ni 

Greatest  len^b  of  frontal  from  fronto-nasal  suture  to  occiput, 

approiiniate    143 

Width  between  superior  orbital  rims  160 

Widlh  across  bases  of  horn-cores 144 

Width  of  palate  at  M'  89 

Greatest   extent   of    niolar   arches    measured   between    inferior 

borders    180.5 

Depth  of  molar  arch  below  orbit   48 

Antero- posterior  diameter  of  horn-core  at  base 96 

Transverse  diameter  of  hom-core  at  base  77 

Length  of  superior  dental  series  on  alveolar  border 139. 7 

Anttro-poRterior  diameter  across  bead  of  humerus 114 

Length   of  humeruB    300 

Len^h  of  radius    305 

Length  of  Boapula    305 

Length  of  a  metacarpal   180 

Length  of  iBt  phalanx  of  fore  foot .   65.5 

Ijcngth  of  2nU  phalanx  of  fore  foot  37 . 5 

Length  of  a  hoof  of  fore  foot  58 
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Length  of  pelvis   375 

Length  of  femur   350 

Length  of  tibia    360 

Length  of  a  metatarsal 190 

Length  of  1st  phalanx  of  hind  foot 64 

Length  of  2nd  phalanx  of  hind  foot 38 

Length  of  a  hoof  of  hind  foot 58 


University  of  California, 

May,  190r). 
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A  NEW  SABRE -TOOTH  FROM  CALIFORNIA 


BY 

John  C.  Merriam 


Some  years  ago  Mr.  Bernard  Bienenfeld  of  San  Francisco 
very  kindly  presented  to  the  University  of  California  a  collection 
of  fossil  mammalian  remains  containing  at  least  two  carnivores 
which  are  new  to  science.  One  of  these  has  already  been  described 
as  the  type  of  a  new  and  peculiar  canid  genus,  Hyacnognathus* 
The  second  form,  which  is  described  below,  represents  a  large 
species  of  sabre-tooth  differing  considerably  from  those  pre- 
\iously  described. 

MACHAERODUS(  ?)    ISCIIYRL'S.  U.  Sp. 
Text,  Fig.  1. 


The  species  is  known  only  from  a  mandible  (No.  8140  Univ. 
Calif.  Palae.  Col.)  found  with  the  type  of  llyaemxjnathus  near 
the  foot  of  the  Temblor  range  at  Asphalto,  Kern  County.  This 
specimen,  like  the  others  found  with  it,  is  covered  with  a  verj' 
thin  film  of  gj^psum  preserving  the  fragile  bone. 

The  species  is  characterized  by  the  great  I'eduction  of  P.,,  the 
presence  of  a  single  posterior  cusp  on  P4,  the  absence  of  both 
metaconid  and  heel  from  Mi,  the  shortness  of  the  diastema,  the 
possession  of  a  prominent  flange  below  the  syniphysial  region, 
and  the  abbreviation  and  general  robust  character  of  the  jaw. 

The  age  of  the  beds  in  which  the  mandible  was  found  is  not 
definitely  determined.  Such  stratigraphic  and  palaeontological 
evidence  as  has  been  obtained  indicates  Quaternary  or  late  Plio- 
cene age.     In  addition  to  this,  the  evidence  furnished  by  the 
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Unit'tnH*/  of  Catifor 

stage  of  eToluticn  uf  tbix  Kpecioi  and  of  the  aasociatrd  Ilyamog- 
italhiis  seema  to  show  thai  th*y  arv  iirotwWy  noi  dlder  than 
Pliocene. 

Tlw  iwrtiiiu  of  the  luimdiblp  pnwnt  rpprrtttiiw  a  Urpe  ani- 
iiinl.  and  tlip  Kpr<>ii.-K  mutft  havi-  been  one  of  the  owre  formidaMt! 
mciiitx'Rt  of  the  sabre-t(X)th  pranp.  Tin-  jaw  w  notii-<-«hiv  iieavy, 
while  the  inforicir  Han^'  U  wider  aud  deeper  t!ian  in  Ilii*  Ij-p- 
ieal  upeeiea  of  Umil/idoH  and  Jt/acharrwiM  bnl  hardly  as  prom- 
inent as  in  Uoplophotuus.  In  ibft  aymphy-sisl  repoa  the  infer- 
ior portion  »f  the  anterior  face  is  eancave  on  either  side  of 


Fit;.  1-    -UarAnfrorfiMl  I)  iafhyi 


the  iiieditin  line,  but  the  whole  upper  part  of  this  face  is  strongly 
convex,  and  the  portion  of  the  alveolar  marpn  occupied  by 
the  incisors  is  bowed  far  forward.  In  the  region  of  the  cheek 
teeth  the  alveolar  marpins  are  flared  outward  rather  more  than 
is  coiiiimin  in  the  cats,  owinp  probably  to  shortness  of  the  jaw. 

The  dentition  is  j,  j,  7,  j,  I3  is  absent  from  both  rami,  but 
its  alveolu.s  indicates  the  existence  of  a  tooth  approaching  the 
canine  in  size.  L  is  considerably  larger  than  I,.  P,  is  very 
sniail  and  is  sinfrle-rooted,  P,  possesses  a  single  large  accessory 
cusp  on  cither  side  of  the  protocone,  but  shows  no  trace  of  a 
posterior  basal  cusp.  The  protoconid  stands  almost  erect.  In 
Ml  the  protoconid  and  paracooid  are  well  developed  and  of 
nearly  equal  size.     The  posterior  portion  of  M,   is  somewhat 
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damaged,  but  there  appears  to  have  been  neither  metaeonid  nor 
heel  present.  The  transverse  diameter  is  relatively  large  and  the 
tooth  considerably  heavier  than  in  Smilodon  ncogafus. 

Of  the  North  American  species  Machaerodus  gracilis  Cope, 
from  the  Port  Kennedy  Fissure,  resembles  the  Califomian  species 
in  the  form  of  P,,  while  the  heel  of  ^I,  has  almost  disappeared. 
M,  ischyrns  differs  from,  this  species  particularly  in  the  short- 
ness of  the  diastema  and  probably  of  the  whole  jaw.  in  the 
absence  of  a  posterior  basal  cusp  on  P^,  and  in  the  complete 
reduction  of  the  heel  of  M,.  Judgrin?  from  Cope's  fisrure*  of 
the  type  of  M.  gracilis  the  mandibular  Hanjje  Is  not  as  pn^m- 
inent  and  the  jaw  as  a  whole  somewhat  weaker  than  in  M. 
ischyrns. 

Smilodon  fatalis  Leidy,  from  the  Quaternary'  of  Texas,  known 
only  from  the  dentition  of  the  upper  jaw,  if  a  typical  Smilodon 
as  it  appears  to  be,  would  differ  in  the  structure  of  P^.  as  also 
of  the  mandible  in  general. 

Dinobastis  serus  Cope,  from  the  Texas  Quaternary,  does  not 
differ  from  M.  ischyrns  greatly  in  size  and  had  large  external 
incisors  with  a  moderately  elongated  superior  canine.  The 
superior  sectorial  has  a  large  protostyle,  but  the  basal  cusp 
anterior  to  this  is  rudimentar>'.  This  means  that,  as  in  IIoplo- 
phonexiSf  the  posterior  part  of  P^  opposing  it  was  probably  rel- 
atively shorter  than  in  Smilodon.  The  characters  mentioned  all 
suggest  correlation  with  M.  ischyrns,  although  there  would  at 
present  be  no  justification  for  considering  them  identical. 

Felis  imperialis  Leidy,  from  the  Qiiaternar>'  of  Middle  Cali- 
fornia, is  known  only  from  a  fra<»nient  of  the  upper  jaw  with  the 
third  premolar.  It  is  evidently  also  a  short-faced  fonn  but  seems 
to  have  been,  as  far  as  can  be  determined,  of  the  true  Ft  lis  type. 

Machaerodns  catocopis  Cope,  from  the  Loup  Fork  of  Kansas. 
has  a  relatively  larger  inferior  canine,  a  deei)er  mandibular 
flange,  and  is  much  narrower  across  the  symphysis. 

Machaerodns  palaeindicns  Bose,  from  the  Siwalik  beds  of 
India,  ver>'  closely  resembles  this  species  in  size,  in  shortness 
of  the  diastema,  and  in  the  fonn  of  the  anterior  portion  of  the 
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mimdible,  It  uppt-ura  fnim  tW  fi^nw*  ttiat  P,  has  but  a  single 
Itiwlirinr  piisp.  P,  is.  hiiwevir,  a  heavy  tooth  appareiitly  with 
two  roots  Hiid  (lilTering  much  from  the  correapoDding  tooth  in 
.V.  ischyrus. 

Compared  with  the  [nt«r  machaerodont  forms  this  species 
is  relatively  spet^iali/ed  iii  the  reduction  of  P„  and  the  apparent 
abwnne  of  both  heel  and  metacnnid  from  M,.  It  is  relatively 
primitive  in  lacking'  a  second  poaterior  cusp  on  P„  and  in  the 
prominence  of  the  mandibular  flange,  which  is  secondarily  re- 
duced in  the  later  sabre-tootha.  The  abbreviation  of  the  dias- 
leiiia,  together  with  the  flare  of  the  alveolar  borders,  and  the 
robustneBB  of  the  mandible  show  that  this  is  a  comparatively 
sliiirt-jnwed  type. 

The  combination  of  characters  appearing  here  is  peoiiliar. 
'I'he  stafre  of  development  of  the  mandibular  flau^  suggests  an 
advanced  form  of  Deinctis.  such  as  is  seen  in  the  John  Day 
i^ogojwdon  or  in  the  more  primitive  Hoplophoncus  species. 
The  reduction  seen  in  P,  aiid  in  the  posterior  portion  of  M, 
equals  or  exceeds  that  in  Smiiodon  and  Machaerodiis.  The 
character  of  P,  is  that  of  11  optophone  us  rather  than  of  the  later 
sabre-looths.  As  far  iis  can  be  jiidged  from  the  chai'aeters 
present,  this  species  could  not  consistently  be  referred  to  any  of 
the  three  machaerodont  groups  which  it  most  nearly  approaches, 
viz:  Hoplophoncus,  Macliaerodus  and  Smiiodon.  It  may  repre- 
sent a  new  subgeneric  type,  in  which  a  peculiar  set  of  conditions 
suggested  by  the  shortness  and  strength  of  the  jaw  have  made 
possible  the  combination  of  primitive  and  specialized  characters 
seen  here.  A  knowledge  of  the  cranium  may  bring  out  definite 
relationship  to  one  of  the  known  groups,  and  I  therefore  refer  to 
the  species  tentatively  under  the  more  or  less  comprehensive 
name  of  Miu:haerodus. 


I 
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Measurements. 

Length  of  mandible  from  anterior  side  of   li  to  posterior 

Bide  of  Ml 123     mm. 

Length  of  mandible  from  anterior  side  of  canine  to  [)osterioi 

side  of  Mj   107 

Width  of  anterior  face  of  symphysial  region 52 

Depth  of  jaw  across  the  middle  of  the  flange 58 

Depth  of  mandible  below  posterior  end  of  P^ 36 

Length  of  inferior  diastema  33. 5 

Width  of  Ii  transversely  4 

Width  of  I2  transversely   6.5 

Antero-posterior  diameter  of  inferior  canine 14.5 

Antero-posterior  diameter  of  P, 7 

Antero-posterior  diameter  of  P4 20 

Antero-posterior  diameter  of  Mj    28 . 5 

Transverse  diameter  of  Mi   14. 5 
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STATEMKST  OK  TUB  I'ROIILKM. 

[d  these  days  at  rapid  ndv'iiDi'i?  iii  our  knowled^  af  the 
of  ore  bodiii),  it  bwomi-s  nwisisar.v  rnnslimtl.v  Ut  lest  old  ideas  hy^ 
new  (>nn<>eptioiM.    Particiilnriy  di>et«  thin  Apply  To  mir  n^t-ut  tduW^| 
en  secondaty  enrichnientB  of  ore  deposits.    The  luining  woHd  ii 
HWHilin);  i^iitcvrly  Diorp  exuct  knowledjzc  on  the  part  of  ^reoln^nHta,  I 
that  tilt;  c«Sit  of  I«c«tin^  valuable  ore  Ixidit-s  siid  dt'Vflopiug  thuiiL-a 
properly  iiiay  be  reduced.    The  Ktruoturp  of  the  Comslock  lode^l 
and  the  genesis  of  its  ores,  have  been  treated  by  severs!  iuveslijia. 
tont,  but  tvi'ti  yet.  many  nf  the  vital  quMtions  uuniiwlcd  therpwiUi 
Hri'  unwttli'd.     Thf  soimrwlmt  overdone  tendency  to  make  everj 
ore  deposit  porrespond  to  a  "type."  and  to  regard  mui-h,  if  i 
all,  as  already  "havinK  happened."  has  been  productive  of  c 
sidenible  ernir.   Fortunately,  with  our  ever  wideniug  view,  tin 
markN  of  immature  Hcienite  are  disappearinir-     Tbe  Com 
yet  largely  an  unsolved  probieni,  withal  we  know  much  a 
and  the  following  notes  contributed  to  its  solution  are  tbe  resnit 
of  Dunierous  short  trips  to  the  lode  while  the  writer  was  engaged 
in  other  work.'     The  peculiar  l)onanzas  of  Virginia  City   have 
never  been  satisfactorily  accounted  for,  nor  the  form  of  the  lode 
B8  a  whole.     This  paper  is  offered  as  a  sliybt  eoulj-JbutJou  to  tbe 
study  of  ore  deposits,  and  on  account  of  the  immediate  bearing  of 
its  contents  upon  practical  mining  matters,  it  is  issued  at  this 
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There  is  a  much  greater  development  of  east-west  faulting 
than  has  been  noted  by  previous  observers.  These  faults  are  of 
the  utmost  importance,  both  in  the  structure  of  the  lode  and  in 
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the  grenesis  of  the  ores.  Their  impoi-tance  to  the  lode  lies  in  the 
fact  that  they  have  most  to  do  with  the  notable  short  length  of  the 
main  fissure.  Their  importance  in  regard  to  the  ores  lies  in  the 
fact  that  they  have  caused  the  blocking  out  of  the  wall  rocks 
with  the  resultant  opening  to  mineral  solutions.  These  points  will 
be  discussed  later.  Becker*  has  noted  the  presence  of  such 
faulting,  but  only  in  a  general  way,  and  as  of  little  importance.  He 
says  (p.  181)  that  the  topography  is  due  chiefly  to  faulting,  ''for 
on  the  Sutro  tunnel  section,  at  least,  there  is  evidence  of  but  slight 
erosion.*  *  *  The  ravines  which  furrow  the  range  are  not  there- 
fore the  results  of  erosion,  but  of  faulting.''  And  again  (p.  184 
ft  seq.)  ''To  the  north  and  south  of  Mt.  Davidson  the  evidences  of 
faulting  diminish  (north-south  faulting  is  meant).  From  the 
Overman  far  into  the  Sierra  Nevada  claim,  a  distance  of  two  and 
one-third  miles,  the  amount  of  fault  has  been  great,  and  the  indi- 
cations unmistakable.  Beyond  these  points  the  disturbance  of 
equilibrium  has  been  to  some  extent  adjusted  in  a  different  man- 
ner. This  is  partly  indicated  by  the  union  of  the  andesite  fields, 
which  are  separated  near  the  center  of  the  lode  by  diorite.  To- 
ward the  ends  of  the  lode  the  d^Tiamic  action  seems  to  have  been 
distributed  in  part  by  the  forking  of  the  fissure  and  in  part  by 
the  formaiion  of  east  and  west  cracks/*  According  to  Becker, 
these  same  east-west  faults  have  their  downthrow  to  the  north. 
Practically  nothing  more  is  written  in  the  monograph  of  Becker 
concerning  these  movements.  But  even  now,  with  almost  none  of 
the  old  workings  accessible,  their  large  development  is  well  shown. 
The  most  noteworthy  examples  are  as  follows: 

Mexican  Fault. — In  the  Mexican  ground,  on  the  Sutro  tunnel 
level,  a  very  strong  east-west  fault  was  followed  into  the  diorite 
of  Mt.  Davidson,  and  east  into  the  hanging  wall  block  for  several 
hundred  feet.  No  ore  was  developed,  and  the  work  was  aban- 
doned. Pyrite  was  very  abundant,  however,  in  the  crushed  zone. 
This  fault  was  nearly  vertical,  with  a  slight  inclination  to  the 
north.  The  throw,  from  all  appearances  seen,  as  striations,  etc., 
was  down  to  the  north,  making  a  normal  fault.    This  line  of  mo- 
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tion  is  directly  in  line  with  Ophir  Ravine,  and  no  doubt  was  the 
main  cause  of  its  formation,  as  noted  in  general  by  Becker, 
quoted  above. 

Bullion  Bavine  Fault. — ^Bullion  Ravine  is  likewise  determined 
by  a  fault  plane,  in  this  case  shown  largely  by  stratigraphic  and 
physiographic  grounds.  A  new  geologic  map  is  necessary  to  show 
this  fully,  as  that  of  Becker  •  is  in  error  at  this  point.  In  the 
first  place,  this  rocky  ravine  shows  plainly  that  erosion  has  had 
nothing  to  do  with  its  formation,  for  its  bottom  has  never  been 
occupied  by  a  stream.  Becker  notes  many  times  that  the  erosion 
of  the  region  has  been  little  or  nothing  since  the  vein  formation, 
and  this  is  merely  a  case  in  point.  Moreover,  in  the  second  place, 
here  is  a  structural  discordance  between  the  walls  of  the  ravine. 
The  north  wall  is  solid  diorite  to  the  summit  of  Mt.  Davidson.  The 
south  wall  is  diorite  farthest  east,  but  andesite  a  short  distance 
west  up  the  ravine.  The  contact  between  the  two  rocks  appears  to 
be  in  the  exact  center  of  the  ravine,  but  is  obscured  by  surface 
wash. 

Other  Ravine  Faults. — The  ravine  leading  up  to  Mt.  Butler, 
and  Crown  Point  Ravine  farther  south,  have  not  been  examined 
in  detail,  but  they  partake  of  the  characteristics  of  the  others: 
typical  fnult  I'nvines.  Becker,  thoutrh  notinjj:  this,  fails  to  trive 
suj)])()i'tin<r  evidence  because  he  attacht^d  no  importance  to  their 
structure.  Such  evidi'uce  is  ])lentit'ul  for  all  these  east-west 
*iulchcs,  tlie  ni(xst  ini])()rtant  of  which  is  as  follows: 

1.  The  erosion  of  the  eoiinti'v  has  been  verv  little  since  the 
fault in<,^  so  that  we  ai'e  driven  to  look  for  other  causes  for  the 
formation  of  the  topo.irrai)hicc\lly  strikin^^  ravines.  In  the  ease  of 
P)ul]ion  and  Ophir  Ixavines,  at  h^ist,  this  cause  has  been  shown  to 
be  faulting*.  Becker's  I'cason  foi*  a  lack  of  ei'osion  sivms  to  lie 
in  th(^  close  similaritv  of  the  contoui's  of  the  actual  faulted  sur- 
face  with  the  theoretically  deduced  one.  Further  reasons,  and 
conclusive  i)i'oofs,  are:  (1)  theiv  is  little  or  no  removal  of  the 
thoi'ouuhlv  decom])osed  eountrv  roek  near  the  lode:  and  (2)  the 
j)rcsent  surface  of  the  lode,  or  its  outcrop,  is  that  of  the  ori^rinal 
lod«*  a])cx.  fornunl  uucUm*  practically  no  pressure  from  above  and 
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not  yet  removed  by  atmospheric  agencies.  The  cross-section  of 
the  upper  portion  of  the  lode,  figure  1,  shows  this  structure. 

2.  There  is  no  stream  worn  material  of  any  sort,  except  very 
locally,  in  these  ravines,  nor  any  outside  their  mouths  where  a  de- 
posit would  take  place  by  stream  action.  The  whole  region  is  re- 
markable in  the  lack  of  all  such  material. 

No  faults  from  Bullion  Ravine  in  the  hanging  wall  under- 
ground have  been  seen,  because  this  area  is  not  accessible.  But 
on  the  surface,  east  of  the  lode,  there  are  manv  very  well  defined 
east-west  faults,  some  of  which  are  filled  with  calcite.  A  few  have 
been  prospected  and  considerable  ore  extracted.  The  ridge  run- 
ning east  from  Bullion  and  Crown  Point  Ravines  is  a  locus  of 
these  movements. 

Cedar  Ravine  and  Cedar  Hill  Canon — These  are  the  large 
gulches  on  the  north  end  of  the  lode.  Cedar  Ravine  is  due  to  the 
surface  effects  of  the  east-west  motion  exposed  underground  in 
the  Sierra  Nevada  mine,  as  is  Ophir  Ravine  the  surface  effect  of 
the  fault  shown  in  the  Mexican  mine.  Cedar  Hill  Canon  is  rather 
beyond  the  limits  of  the  lode,  yet  deserves  mention  because  it  is 
the  sharpest  cut  of  all  the  fault  ravines,  and,  like  Bullion  Ravine, 
shows  the  faulting  by  the  stratigraphic  relations  of  diorite  and 
andesite.  In  both  instances  the  andesite  abuts  against  the  diorite 
in  a  plane  which  occupies  approximately  the  center  of  the  gulches. 
In  Bullion  Ravine  the  andesite  is  south  of  the  diorite;  in  the 
northern  fault  canon,  the  andesite  is  north  of  the  diorite.  This 
andesite  is  *Becker's  ** earlier  hornblende  andesite,''  which  has 
been  shown  to  be  identical  with  the  porphyritic  facies  of  the  di- 
orite mass.t  Hence,  an  abutment  of  one  of  these  rocks  upon 
the  other  indicates  a  fault  plane. 

There  appears  even  yet  to  be  a  doubt  in  the  minds  of  some 
geologists,  for  instance,  Lindgren,}  as  to  the  correlation  of  the 
Comstock  rocks.  The  evidence  for  this  coi-relatioii  is,  of  course, 
of  two  kinds:  (1)  microscopical,  and  (2)  niacroseopieal,  includ- 


*  G.  F.  Becker,  op.  cit. 

tHague  and  Iddings,  Bull.  No.  17,  U.S.G.S.     '*0n  the  Development  of 
CrystalHzation  in  the  Igneous  Rocks  of  Washoe  Co.,  Nevada. 

X  W.  Lindgren,  in  one  of  his  numerous  papers,  states  that  he  believes  the 
('^omstock  rocks  to  be  separate  flows. 


ini;  both  Md  and  Inboratorv-  work.  Tin-  miyrHSPopical  evidence 
uf  IIhl'uc  and  Iddiims  needs  cnrroboratioii  on  hut  one  piNMibK' 
point — that  of  th»  undoubted  occiirrenee  of  fresh  aiigite  »s  1ht> 
rhitf  ferrnma^u^ifin  iidnoi-al  in  the  diorilc.  Thf  field  evidence, 
however,  tteenia  to  lie  insufficient  regarding  the  diabHrn*  mid  dio- 
rite.  The  prtsent  writer,  throuirh  late  mining  work,  is  in  posses- 
sion of  the  fjK't-s  tiwessai-j'  to  prove  lieyond  the  slitidow  of  a  doubt 
the  oonelusions  of  Hagiu'  and  Iddiii^.  The  Hnle  imd  N'un'nws 
tunnel  into  Mt.  Davidson,  just  north  of  R\illion  Ravine,  has 
broiipht  to  liaht  these  facts,  and  also  a  number  of  structural  facts 
of  the  m»wt  vital  imporlunee.  The  Btrui'luivs  nhown  will  be  dis- 
cussed lat^r,  and  a  note  on  the  ronka  will  be  placed  near  the  end  of 
this  paper. 

Forku  of  Comatocli  Lode.— The  main  forks  of  the  Oinifitock 
lode,  both  north  and  south,  are  quite  similar  in  their  action  on  the 
formwlion  of  the  fissure  as  seen  tivday.  Of  the  Sierra  NevwU 
fork,  which  strikes  nearly  east  and  west,  the  writer  can  (MJ 
nothing,  for  so  mueh  of  the  old  pround  is  not  open.  However, 
the  east-west  slips  are  well  shown  underground  in  the  present 
workings,  and  this  portion  of  the  lode  country  appeflrs  to  be  a 
locus  of  these  movements.  The  hir^  southeastward  bearing 
"fork"  of  the  lode  which  runs  toward  WiJver  City,  has  some  pecu- 
liarities which  deserve  mention,  in  the  first  place,  this  so-called 
branch  is  not  a  mere  fork  of  the  lode,  but  as  a  fault  continues  west 
of  the  lode  into  the  mass  of  Mt.  Davidson  west  of  the  summit. 
Bullion  Ravine  exhibits  this  fault  In  the  best  manner.  As  already 
noted,  the  south  wall  of  the  ravine  is  diorite  for  a  few  hundred 
yards  west  up  the  gulch,  when  andesite  appears  from  the  bottom 
of  the  south  wall  clear  to  the  top.  The  topography  also  shows  the 
chanpre.  the  diorite  portion  being  steep  and  precipitous,  while  the 
andesite  is  smoother  and  of  more  gentle  slope.  The  transition 
from  one  to  the  other  is  abrupt.  Some  prospecting  has  been 
done  along  this  line  and  some  ore  found.  The  gangue  in  the 
Silver  City  portion  or  "fork,"  as  of  a  few  of  the  east-west  veins 
east  of  Bullion  Ravine,  is  largely  calcite.  Granting  the  identity 
of  the  rocks  as  set  forth  in  the  work  of  Hague  and  Iddings,  this 
difference  in  gangue  mineral  from  the  silica  of  the  lode  proper 
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can  be  accounted  for,  in  the  most  probable  way,  by  assuming  a 
difference  of  age. 

Fault  in  Andes  Mine  and  Central  Tunnel. — The  Andes  mine 
workings  and  the  Central  tunnel  show  many  east-west  faults. 
There  is  a  great  complexity  of  these  in  the  surface  workings,  as 
is  to  be  expected  in  the  great  lode.  The  largest  one  in  the  Andes 
cuts  off  sharply  one  of  the  bigger  quartz  bodies  between  the  horses 
of  diabase.  Others,  of  less  extent,  but  still  of  some  size,  cut 
acn>ss  the  vein  proper,  and  act  as  channels  for  mineral  solutions, 
as  will  be  mentioned  later.  These  motions  are  shown  by  clay  and 
rolled  pebbles  of  quartz.  The  east-west  movements  in  all  the 
surface  workings  are  characterized  by  identical  features.  A  verv 
peculiar  action  is  now  taking  place  along  one  of  these  cross  frac- 
tures in  the  Central  tunnel,  where  there  is  little  circulation  of 
air,  characterized  by  the  deposition  of  pyrite  from  an  acid  solu- 
tion. 

BONANZAS. 

Virginia  City. — The  formation  of  the  Virginia  City  bonanzas 
is  peculiar,  and  has  never  yet  been  concisely  presented.  The 
present  developments  in  mining  work  have  thrown  much  light 
upon  this  question  of  genesis.  In  the  Virginia  City  portion  of 
the  lode  the  ore  occurs  not  in  the  main  fissure,  but  in  openings 
or  ** veins'^  in  the  hanging  wall,  which  occupy  nearly  vertical  po- 
sitions (see  figure  1).  These  ** veins"  are  more  nearly  allied  to 
gash  veins  than  to  what  are  usually  called  ''fissure  veins.''  The 
''secondary  vein*'  now  so  productive  in  the  Ophir  ground,  has 
brought  to  light  some  valuable  and  interesting  facts.  (1)  It  has 
been  found  only  in  the  lower  mine  levels,  either  as  a  mere  fault 
zone  or  a  productive  deposit.  (2)  From  the  lines  of  motion  pre- 
served finely  in  the  clay  gouge,  the  relative  movement  of  the 
walls  is  seen  to  have  been  nearly  horizontal,  whether  north  or 
south  the  writer  is  not  able  to  state  definitely.  From  the  parts 
of  the  "vein'*  observed,  however,  chiefly  on  the  2050  level,  it 
seemed  probable  that  the  motion  was  to  the  south  for  the  east 
wall,  dipping  downward  about  four  degrees  in  the  same  direc- 
tion. This  corresponds  to  the  view  that  the  vein  itself  is  due  to  a 
pulling  apart  of  the  rock  mass,  causing  the  greatest  openings  to 
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the  north,  in  th*^  wiicAvity  eui»ed  by  the  hendint;  of  the  ' 
to  the  east  at  the  north  end.  This  northCTwrtward  swiiigf  causes 
thf  Kwoiidary  «|>fiiini;  to  beomne  iicnrly  pwrnlli't  to  the  Sierra 
Xevada  furlt,  ms  t^hun-n  diapramiwatically  in  fiiinre  2.   The  Ihie 


Fiii,  1. — CrosB  section  thfongh  the  ^omst^>ck^ode. 


ness  of  the  ore  body  within  this  opening  increases  with  depth  up 
to  the  present  time  of  workingr,  and  some  very  rich  ore  is  being 
extracted.  Exact  distances  and  figures  cannot  be  given,  on  account 
of  the  methods  of  mining  now  in  vopne.  The  "vein"  has  been, 
and  is,  productive  up  to  the  1800  level  of  the  C.  &  C.  mine  and 
down  to  the  2250  level  now  being  worked.  The  ore  is  not  evenly 
distributed,  but  is  in  more  or  less  well-defined  chimneys  or 
shmits,  connected  by  material  of  too  low  grade  to  be  worked.  The 
form  of  this  secondary'  vein,  then,  is  a  nearly  vertical  fissure 
about  parallel  to  the  main  lode  and  east  of  it.  In  portions  of  this 
vein,  particularly  where  opened  best  in  stoping,  a  dip  to  the  east 
is  present. 

The  lode  at  the  surface  shows  an  arrangement  of  vein  filling 
and  ore  in  every  way  due  to  the  same  causes  which  produced  the 
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secondary  fissures  at  greater  depths.  The  "west  vein"  and  the 
"east  vein"  at  the  surface  have  been  carefully  described  many 
times  by  previous  observers,*  and  the  fact  that  only  the  "east 
vein"  carried  values  has  caused  much  discussion.  This  "east 
vein"  is  merely  the  gash  which  reached  the  surface,  thereby  ap- 


E^O.  2. — OroDiiil  plan  of  Comstock  lode,  showing;  dispositiou  of  faults. 


pearing  as  a  vein  occupying  a  fault  plane  and  resultant  fissure. 
These  three  gashes — the  surface  "east  vein,"  the  famous  bo- 
nanza, and  the  "vein"  now  being  worked,  all  have  an  identical 
origin.  Their  formation  lies  in  the  fact  that  the  lower  part  of  the 
banging  wall  block  has  settled  more  than  the  upper,  relative  to 
the  foot  wall,  and  has  been  torn  apart  by  the  stresses  developed. 
This  form  of  ore  deposit  is  rather  new.  and  because  of  its  evident 
importance  deserves  a  distinctive  reco^iiticm.  The  term  "gash 
vein"  is  not  suitable,  obviously,  and  the  name  "rift  vein"  is  sug- 
gested to  cover  the  structure. 

Gold  Hill. — The  bonanzas  of  Gold  Hill  are  found  in  the  lode 
proper,  near  the  east  wall,  and  east  of  the  low  grade  quartz.    The 

*  G.  F.  Becker,  op.  cit.     Clarence  King,  "Survey  of  Fortieth  Parallel," 
VoL    HI.      John   A.   Church,   "The   Coinatock   Lode— Its    Formation    and 
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differenoes  in  thi=  fiinn  of  the  IxmHi 


fi  the  two  portions 
Coiiistook  lode  have  been  Doted  by  other  observers.  In  Becker'» 
roonopraph,*  von  Richtbofeu  is  quoted  as  writing:  "The  ore  i 
distribiiti'd  in  h  different  way  in  the  northern  and  southern  parts 
of  the  vein.  *  •  •  In  the  northern  part  the  ore  is  concentrated 
in  elonprated  lenticular  niamea  of  which  the  greatest  axis  is  not 
far  from  vcrtieal.  •  •  '  To  the  south  the  ore  is  eoncentrat<?d  in 
(■ontiniKuwi  shtrets.  the  principal  one  of  which  is  verj'  near  and 
parallel  to  the  easteru  wall."  This  difference  in  the  form  and 
occurrence  of  the  ore  bodies  ie  a  very  important  matter,  both 
from  u  scientific  and  an  economic  standpoint.  This  subject,  and 
what  gniWM  out  of  it,  is  the  main  reason  for  the  writing  of  tfaiaj 
short  paper,  for  a  proper  view  may  increase  the  life  and  c 
of  the  mines  very  materially. 

One  peculiar  boiianui  occurred  in  the  Gold  Hill  group,  in  thj 
Yellow  •Jacket  mine.  The  explanation  of  this,  as  of  the  othra 
will  be  given  later. 

I!AL£    AND    NORCHOSS    TDKNEL. 

The  structures  shown  in  the  Hale  and  Noreross  tiumel  i 
be  mentioned  together,  for  the  sake  of  simplicity.  This  tunnel, 
running  N.  75"  W.,  enters  the  slope  of  Mt.  Uavidson  at  the  ilale 
and  Norcross  shaft  (see  figure  2),  At  a  distance  in  of  1,080  feet 
the  footwall  of  the  lode  is  reached,  the  so-called  "black  dyke." 
1.  Proceeding  in,  at  a  distance  of  3.720  to  3,750  feet,  appear  ap- 
proximately vertical  slips  striking  N.W.-S.E.  parallel  and  in  line 
with  the  Silver  City  lode  as  shown  on  the  surface.  A  second 
well  develt^ed  slip  parallel  to  these  occurs  at  a  distance  of  4,550 
feet  in  from  the  mouth.  2.  In  nearly  all  portions  of  the  tunnel, 
but  particularly  between  the  lode  and  3,500  feet  in  the  tunnel, 
and  from  4,500  feet  to  the  end  (5,0S5  feet  on  Feb.  12,  1905), 
are  seen  slips  parallel  to  the  Bullion  Ravine  fault;  that  is,  ap- 
proximately parallel  to  the  course  of  the  tunnel  itself.  These 
indicate  unmistakably  evidence  concerning  the  existence  of  the 
Bullion  Ravine  fault  underground.  3.  At  a  distance  in  the  tun- 
nel of  4,908  feet  occurs  a  very  strong  vertical  north-south  fault. 
The  cast  wall  is  the  diorite  of  Mt.  Davidson,  and  the  west  wall 


•  G.  P.  Beeker,  op. 
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is  the  same  rock  which  forms  the  hanging  wall  of  the  Comstock 
lode,  the  diabase  of  Becker.  This  rock  continues  to  the  face 
(given  above),  and  no  doubt  shades  into  augite  andesite  farther 
west,  just  as  in  the  east  country.  Thus  the  diorite  of  Mt.  David- 
son is  terminated  east  and  west  by  identical  structures.  No 
doubt  tunnels  north  f^nd  south  would  develop  the  same  conditions 
on  the  other  two  sides,  as  indicated  by  the  surface  structures. 
4.  West  of  this  west  fault  just  noted,  the  prevailing  slips  are  per- 
pendicular to  the  tunnel  and  dip  to  the  west,  in  contradistinction 
to  the  eastward  dipping  slips  near  the  Comstock. 

The  west  diabase,  as  it  will  be  called,  now  shown  in  the  tunnel, 
is  much  fractured  and  filled  with  veinlets  of  pyrite.  Some  films 
of  galena  and  sphalerite  up  to  one-eighth  of  an  inch  in  thickness 
also  occur  fifteen  feet  west  of  the  fault.  These  gave  some  values 
by  assay. 

DEEP  ORES  AND  WATERS. 

The  ores  are  doubly  interesting  from  that  fact  that  their 
deposition  still  continues,  due  to  faulting  opening  up  new  fissures 
and  fractures,  and  from  the  fact  that  the  mine  waters  are,  for 
such  waters,  rich  solutions  yielding  very  positive  results  to  fire 
assay  methods.  The  ores  are  moving  in  two  ways:  upward  and 
downward. 

That  the  ores  have  moved  upward  at  more  than  one  time  has 
been  noted  best  by  Becker.*  He  writes  (page  219)  :  *'In  the 
great  California  and  Virginia  bonanza  several  streaks  or  veins  of 
very  rich  black  silver  ores,  said  to  be  largely  stephanite,  occurred. 
These  were  separated  from  the  surrounding  quartz  very  sharply, 
as  if  of  later  origin.''  Again  (page  221)  he  writes:  '*"What  I 
have  seen  •  •  •  leads  to  the  belief  that  these  rich  concentra- 
tions were  of  later  origin  than  the  rest  of  the  ore.  The  quartz 
in  the  C.  &  C.  was  almost  everywhere  a  crushed  powdery  mass, 
while  the  thin  and  persistent  veins  of  black  ore  running  through 
it  were  very  solid.  A  somewhat  similar  relation  seems  to  have 
existed  near  the  croppings,  and  it  is  not  impossible  that  these 
ores  were  formed  at  the  expense  of  others  of  the  more  usual 
kind  at  a  later  date,  and  that  they  occupy  spaces  opened  in  the 
ore  masses  by  faulting  action.'' 

*  G.  F.  Becker,  op.  cit. 
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Till-  writer  luid  Iiopod  to  present  even  more  conclusive  t 
dcnw  (if  Buwwwivc  dcpoKilion  Hnd  iX»  rewnvy.  but  owins  to  t 
fact  that  the  InwcHt  mine  workings  are  not  open  to  otitsiden 
this  became  impossible.    Uowever,  such  evidenre  aa  already  j 
sessed  is  as  folioivs : 

In  thf  ore  bodies  opent-d  within  the  last  year  on  the  ' 
ondary  vein"  now  worked,  some  pertinent  facts  presented  them- 
s(?!ve8.  The  finest  specimens  of  ore  show  often  very  perfect  crys- 
taU  of  fitephanite  and  urjijentite  coating,  or  wedged  between.  , 
ijoartz  crystals,  Coating  one  side,  the  downward  side,  of  all  the 
minerals,  is  a  thin  layer  of  ealcareo-silieeoiis  material.  Below  the 
snrfaoe  crystals  of  ore  and  quarts  is  a  layer  of  quartz,  resting  in 
turn  up<^iu  a  second  layer  of  calearco-silieeous  matter.  This  showf) 
bi'low  it  H  sei'oud  layer  of  ore,  resting  npon  quartz  cr^'stals.  and 
so  on,  the  serie*  often  repeating  itself  several  times  more  or  le«s 
perfectly.  In  that  portion  of  the  ore  occurring  in  the  lower 
depths,  from  which  the  water  has  been  drained  but  a  short  time, 
the  surface  layers  of  ore,  c|uartz  and  calcareo-siliceoiis  matter 
showed  clear  and  fresh,  while  on  standing  in  the  open,  or  in  the 
highur  portions  of  the  vein,  the  same  minerals  appeared  dosty 
and  old.  In  some  of  the  vugs  in  the  lower  portion  of  the  ore 
body,  qmU-  a  nnniber  of  small  but  jierfect  rhombohedra  of  calcite 
were  found;  also,  as  noted  by  Becker,  old  fractures  in  the  ore, 
cansed  by  faulting  movements,  arc  cemented  with  quartz  and  ore. 
In  the  ores  now  warked,  however,  the  motion  appears  to  have 
been  a  pulling  apart,  for  brecciation,  though  present,  is  rare,  and 
the  two  sides  of  a  cemented  break  are  usually  fully  complemen- 
tary. This  process  of  successive  deposition  is  not  limited  to  the 
Virginia  City  portion  of  the  lode,  but  is  found  quite  well  de- 
veloped in  the  Gold  Mill  mines,  and  in  the  ealeite  gangue  of  the 
Justice  ore  body. 

Further  uncemented  fractures  present  themselves  as  indi- 
cators of  motion  up  to  the  present  time,  since  the  withdrawal  of 
the  waters  by  the  mine  pimips.  The  great  volume  of  water  still 
entering  the  lower  workings  also  contributes  abundant  proof  of 
fissures  kept  open  by  late  motion,  for  the  lode  proper,  where  cut 
by  the  shaft,  is  reported  to  have  been  completely  filled  with 
qiiartz. 
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Analysis  of  Waters. — The  ore  now  being  mined  below  the 
2150  level,  which  was  all  below  water  level  within  a  few  months, 
shows  the  same  conditions,  with  the  surface  minerals  in  the  fresh- 
est possible  condition,  precisely  as  if  just  deposited  from  solution. 
A  notable  fact  of  these  lower  deposits  is  the  greater  proportion 
of  gold  to  silver  than  was  found  in  the  ores  above.  On  the  2050- 
foot  level  and  below,  considerable  free  gold  was  found.  The 
actual  process  of  deposition  cannot  well  be  watched,  hence  as  the 
best  substitute  the  deep  waters  from  the  2250  level  of  the  C.  &  C. 
shaft  were  analyzed  and  assayed,  to  determine  if  they  were  able 
to  do  such  work  as  indicated.  They  are  exactly  suited  to  this,  as 
the  following  facts  will  show.  The  water  is  the  typical  deep 
water  of  the  Comstock  lode  whose  temperature  has  reached  as 
high  as  170*^  F.,  and  is  always  over  116°  F. : 

ANALYSIS    OP    MINE    WATERS.* 

Grams  per  liter. 

SiO,   0.1334 

Al A    0025 

Fe,0,    0091 

CaO .1404 

MgO    0097 

SO,     3957 

CI     0190 

CO2    0150 

K2O    0643 

Xa^O    1765 

Total  solids   9656 

Assay  of  Waters. — From  an  evaporation  of  10  liters  of  the 
water,  the  following  assay  values  were  obtained.  This  work  was 
most  carefully  done,  and  the  results  are  accurate.  The  gold  but- 
tons obtained  by  parting  were  measured  by  a  microscope  and  their 
weight  calculated.  This  result  may  therefore  be  a  trifle  high,  be- 
cause of  the  possibility  of  the  gold  being  slightly  porous.  The 
litharge  used  was  remarkably  pure,  a  number  of  test  assays  on 
100-gram  charges  failing  to  show  the  merest  trace  of  a  button 
under  the  highest  powers  of  the  microscope. 

Silver 2.92    mg.  per  ton  of  solution 

Gold 0.298  mg.  per  ton  of  solution 

•Analysis   by   N.   E.   Wilson,   Profewor   of   Chemistry,   University   of 
Nevada. 
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The  analysis  of  the  water  showed  it  to  be  au  alltaline  nulpfaate 
and  carbonate  solution  eontiiiiiinE  a  large  amount  of  lime.  The 
Iirewdoe  of  chlorine  is  important  m  affecting  the  pold  in  solution. 
The  COa  detj^rmincd  is  low,  for  on  stjitidio^,  some  of  this  gas  is 
(firm  off  and  Ihe  xilicn  separates  out  in  Bufficient  amount  to  ren- 
der the  water  milky.  The  writer  has  been  unable,  for  stated  rea- 
sonx.  to  test  the  water  in  the  mine.-  The  jugs  of  water  stood 
for  from  48  to  64  hours  before  testing,  hence  the  figures  for  the 
carbon  dioxide  need  eonsideruble  correction.  On  evaporating  the 
water  and  moistening  the  residue,  b  strong  alkaline  reaction  is 
obtained  by  litmus  paper, 

BUHFACE    ORES    AND    WATEBS.  ■ 

The  ores  are  moving  downiwnrd  by  the  leachint:  action  of  the 
acid  Burfnco  waters.  In  this  way  they  are  extracted  from  their 
containing  rocks  and  redeposited  below.  This  process  in  the  past 
bas  produced  the  striking  "nodular''  oi-es  of  the  Andes  mine, 
noted  by  King"  as  occurring  just  below  the  level  of  ground 
water.  These  ores  are  now  in  their  him  being  attacked  and 
again  being  carried  below.  A  striking  example  of  the  ore  depos- 
ited by  the  vadoRe  waters  was  exposed  on  one  of  ihf  Ii'vpIs  of 
the  Andes  mine.  The  presence  of  east-west  slips  has  already 
been  noted  as  occurring  here,  and  one  of  these,  dipping  south  60°, 
had  opened  sufficiently  to  allow  the  free  circulation  of  water. 
The  slip  had  cut  across  all  other  rocks,  vein  and  country,  and 
wa-s  filled  with  about  two  inches  of  solid  coarse  black  sulphides  of 
lead  and  silver.  This  small  sheet  of  ore  pinched  out  toward  the 
bottom  of  the  drift,  biit  broadened  above.  The  grain  of  the  ore, 
aJid  general  characteristics  of  ratio  of  lead  to  silver,  etc,  were 
all  different  from  the  ore  which  occurs  below,  deposited  from  the 
deep  circulation.  The  nodular  ores  consist  typically  of  nodules 
ranging  in  size  from  that  of  a  pea  up  to  a  foot  in  diameter,  and 
composed  of  rich  black  sulphide  ore  in  a  matrix  of  fine  crystals  of 
quartz.  Each  nodule  is  completely  surrounded  by  barren  quartz, 
which  at  times  may  penetrate  the  nodule  along  later  cracks. 
These  quartz  crj'stals  are  built  upon  the  nodules  as  centers,  giv- 
ing them  a  radial  arrangement. 

"Clarence  King,  "Survey  of  rortioth  ParaJlol,"  Vol.  III. 
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All  the  facts  relating  to  these  peculiar  ores  tend  to  confirm  the 
view  of  their  deposition  resulting  from  the  intermingling  of  oxi- 
dized surface  waters  with  deep  alkaline  unoxidized  solutions. 
They  are  known  to  occur  nowhere  else  on  the  lode  in  any  mine 
workings,  although  the  exploration  within  the  croppings  is  very 
little  in  amount. 

The  acid  surface  waters  which  are  now  doing  so  much  work, 
have  covered  the  walls  and  cross-cuts  of  the  Andes  mine  with 
from  six  inches  to  a  foot  of  sulphates  containing  traces  of  gold 
and  silver.  The  chief  salt  is  the  magnesian  aluminum  sulphate, 
with  also  large  admixtures  of  iron  and  copper,  which  results 
in  a  remarkable  variety  of  colors.  The  workings  of  the  Central 
tunnel  likewise  shown  these  sulphates,  but  in  general  the  circula- 
tion of  air  is  too  rapid  to  allow  of  their  great  formation  except  in 
some  favorable  localities.  The  composition  of  these  salts  is 
shown  as  an  average  in  the  water  analysis  following.  In  the  Cen- 
tral tunnel  in  one  particular  spot,  where  the  surface  waters  are 
not  fully  oxidized,  ferrous  sulphate  and  pyrite  are  being  de- 
po.sited  at  the  present  time.  Some  sulphates  are  being  formed 
here  in  delicate  needle-like  cr^^stals  containing  a  large  amount 
of  the  ferrous  salt.  Bright,  well-formed  cubes  of  pyrite  and 
some  few  dark  sulphides,  too  small  in  amount  to  admit  of  testing, 
(X!cur  below  and  within  the  sulphates.  Not  infrequently  a  little 
cr\'stal  of  pyrite  tips  a  needle  of  sulphate  where  the  solution 
is  plentiful.  Also,  almast  solid  masses  of  the  sulphide  are  found 
within  the  wall  in  the  partly  decomposed  country  rock.  The 
water  is  descending  along  an  east -west  slip  which  dips  to  the 
south.  The  clay,  or  clayey  rock,  u[)ward  along  this  slip  is  full  of 
pyrite,  but  this  mineral  is  heaviest  near  the  wall  of  the  drift 
where  the  solution  is  able  to  cover  more  ground.  The  clays  of  the 
upper  portion  of  the  lode  are  all  found  to  contain  well  formed 
but  small  cr^'stals  of  pyrite  containing  some  value.  There  is 
probably  but  one  process  responsible  for  all  this,  and  a  possible 
reaction  of  the  surface  waters  to  produce  such  a  result  nuiy  be 
expressed  as  follows: 

FeSO,  +  2H2SO^  +  7H,S03=FeS,  +  81LS0,  +  ILO. 

This  reaction  is,  of  course,  possible  only  when  there  is  an 
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iiiBuftii.'ifiit  supply  of  oxygen,  rh  occurs  locally  in  tlUs  part  o 

Cciitral  tiinm-l. 

The  wftttT  MirniiindtnK  the  siiIphatM  and  pyrit«  being  de- 

posiU-ci,  is  stiVinely  flcid.  th«  moBt  no  wliere  the  pyrite  is  heaviest. 

Ab  the  wall  is  worki'd  into,  the  acidity  bwomca  ptrccptiWy  less. 

The  fcrroiiB  sulphate  appears  to  exeiviwe  the  iieei«snry  protecting 

influence  over  the  pyrite  to  save  it  from  attack  by  the  free  and 

or  further  attack  by  the  »niall  amount  of  free  oxygen  presfut. 
Analym  of  \Vatrr». — The  auulyiiis  of  the  vadose  water,  from 

Central  tunnel,  taken  from  a  dropping  stream  out  of  the  wall  on 

the  lower  level,  ia  aa  followa:* 

Qnuns  par  ]it«r. 

taO,   , 0.6180 

A1,0,    18.2IM 

f'«A    7.17M 

MuA    ' L2300 

C«0  1.T400 

MrO    10.8108 

fuO. 0.1850 

80 70J164 

a    00276 

H,0  Own 

N«/»   O.T20fl 

Total  soUdi  110.9583 

Free  H^O 125.0804 

The  remarkable  properties  of  this  water  are  evident.  Silica 
is  noticeable  in  amount,  in  spite  of  the  strongly  acid  solution. 
The  salt  is  seen  to  be  essentially  a  niagnesian  ferric  aluiuiuum 
sulphate,  with  lime,  copper  and  manganese.  These  mine  solu- 
tions vary,  and  the  writer  has  taken  from  the  roof  of  some  of  the 
old  slopes  stahietites  of  quite  pure  copper  sulphate.  The  water 
analyzed  was  ii  fully  oxidized  solution;  the  water  depositing  the 
pyrite  is  only  partially  supplied  with  oxygen. 

Assay  of  Waters. — The  assay  of  this  vadose  water  gave  the 
following  results:  I'.jOcc.  portions  were  used  for  each  test. 

Silver 188.0912  mg.  per  ton  of  Bolutioo 

(tcilil 4.I52S  mg.  per  ton  of  Bolutioa 

It  is  necessary  again  to  note  the  fact  that  some  of  the  east- 
west  veins  which  exist  east  of  Bullion  Earine  on  the  line  dividing 
•  AnalvBis  by  N.  K..  Wilson. 
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the  Virginia  City  portion  of  the  lode  from  that  of  Gold  Hill,  are 
filled  largely  or  wholly  with  caleite  gangue.  The  same  mineral 
acts  as  vein-filling  in  the  Silver  City  lode.  Becker  •  favors  the 
view  that  the  diflference  in  gangue  mineral  between  the  Silver 
City  lode  and  the  main  vein,  is  due  to  diflferences  of  country  rock. 
But  as  the  caleite  veins  exist  in  the  augite  andesite  east  of  Bul- 
lion Ravine,  this  idea  cannot  hold.  On  the  fact,  however,  that 
the  two  lodes  are  due  to  different  faults,  a  more  probable  conclu- 
sion is  that  the  deposits  are  of  different  age.  The  proof  of  this 
lies  in  the  examination  of  the  point  where  these  two  lodes  inter- 
sect, which  is  not  now  possible.  Published  reports  and  maps  are 
insuflBcient  as  a  basis  for  judgment. 

A  further  fact  of  importance  regarding  the  lode,  in  the  Vir- 
ginia City  portion  especially,  is  that  the  width  of  the  vein  is 
often  little  or  nothing  in  the  lower  levels.  Moreover,  the  west 
wall  is  not  well  defined  in  all  places,  because  of  a  complexity  of 
slips  in  the  west  country.  This  portion  of  the  ground  in  all  the 
lower  levels  has  not  been  thoroughly  prospected,  in  spite  of  the 
many  thousand  feet  of  mine  workings. 

ROCKS   OP    HALE    AND   NORCROSS    TUNNEL   SECTION. 

A  full  report  of  this  section  is  not  yet  ready,  nor  would  it  be 
proper  at  this  time  before  the  tunnel  is  complete.  A  full  set  of 
rock  specimens,  taken  every  fifty  feet,  and  oftener  over  impor- 
tant places,  is  now  being  collected  for  the  writer.  However,  the 
importance  of  the  main  facts  concerning  the  rocks  within  IMt. 
Davidson  is  too  great  to  allow  their  complete  resei'vation  at  this 
time.     These  facts  are  briefly  as  follows: 

1.  The  Hale  and  Norcross  tunnel  (see  figure  2)  strikes  the 
lode  footwall  at  1,080  feet  in  from  its  mouth.  The  first  wall  rock 
encountered  in  the  foot  is  the  well  known  '* black  dyke/'  of  de- 
composed basalt,!  a  few  feet  in  width,  l^eyond  this,  in  to  a  dis- 
tance of  1,270  feet,  is  a  fine-grained,  dark  rock  looking  much 
like  a  fresh  augite  andesite.  In  the  Mexican  ground,  in  the  cross 
cut  tunnel  mentioned  above  (page  3),  the  same  rock  occurs 
east  of  the  lode,  shading  into  diorite  to  the  west.    Under  the  mi- 

•  G.  F.  Becker,  op.  cit.,  p.  220. 

t  Hague  and  Iddings,  Bull.  No.  17,  U.S.G.S. 
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(•rtwoojK-  the  rfwk  in  swn  to  l>c  an  aupl«  rock  of  h  tiMttiin: 
twoeii  an  aiitnte  and^tp  and   a  dinbase,  yet  which   in  apot«.fl 
is  that  of  II  liiic-pruiuod  (iiiiHti'  dioritc.    The  atigit^^  is  fresh,  and  I 
in  tiinrc  or  1cm  irn>^ilAr  (trainR  or  in  Wl^ll  formed  crystals,  with^ 
hiirh  birefringence,  very  faint   pleo^hroisiu,  and  an  exliu 
sn^le  of  from  W  to  ovt-r  50".     The  feldspars  are  well  fnrmedfl 
and  cr>'stani;ced  at  ulxmt  tho  »imc  time  as  the  an^le.    They  all  1 
show  extinction  angles  of  over  Hi)^,  and  are  lalrradorite.     ^>in0'J 
few  t1ak<»  of  biotite  and  grains  of  quart::  are  also  present.     At 
],200  feet  in  there  oeeurred  what  appeared  to  be  n  thin  dyke  of 
diorite  one-half  an  inch  wide,  intrusive  in  the  dark  aii^tie  rock. 
No   well    defined    boundaries   were   shown,    however.     Farther 
searrh  showed  many  more  sueh  dykes  at  1,250  feet,  of  apparently 
the  usual  pinkish  diorite,  iiitmsive  in  the  dark  rock.    The  micro- 
scope revealed  the  fact  that  the  two  rocks  differ  only  in  coai-se- 
neas  of  grain  and  alteration  of  feldspar,  and  that  the  change 
from  one  to  the  other  is  gradual.     The  pinkish  diorite  was  thu8 
found  to  be  an  augite  rook  with  some  of  the  lar^  augites  altereda 
to  nralite,  but  identical  in  all  particulars  but  grain  with  the  dark*  1 
colored  stone.    The  dyke  at  1200  feet  seemed  to  show  thai  some 
tiiotioii  tiiok  place  in  the  mas.s  when  still  plastic,  as  verj-  often 
happens  in  igneous  magmas,  for  the  transition  from  the  fine  to 
coarse  grain  was  more  sudden  than  in  the  small  dykes  at  12-50  feet. 
Beyond  1250  the  ordinary-  type  of  pinkish,  coarse-grained  diorite 
eonies  in  gradually.     The  microscope  proved  this  to  be  a  true 
augite  rock  also,  with  many  cr^-stals  of  fresh  augite.  and  more 
such  changed  to  uralite  in  part,  and  partly  to  chlorite,  epidote, 
and  magnetite.    This  pinkish  rock  continues  on  until  at  13'>8  feet 
a  small  mass  of  diaba.se  occurs,  from  six  to  ten  feet  wide  along  the 
tunnel.    One  side  of  this  diabase  is  bounded  by  a  slip  and  some 
brecciation ;  the  inner  side  passes  into  diorite  very  gradually. 

Again  at  2650  feet,  and  at  3725  to  3760  feet,  diabase  occurs, 
in  the  latter  case  particularly,  shading  beautifully  into  diorite  by 
all  possible  gradations.  Specimens  taken  here  are  either  diabase, 
or  diorite,  or  both,  as  one  may  choose  to  call  them.  And  the  rock 
is  all  augitie,  though  none  of  this  mineral  is  wholly  fresh.  The 
rock  is  much  fissured  and  jointed,  so  that  the  alteration  of  the 
minerals  has  proceeded  quite  far. 
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At  3350  feet  an  entirely  new  rock,  as  far  as  niaeroscopical  ap- 
pearances go,  bejiins  gradually  to  appear.  This  rock  is  of  the 
texture  of  the  pinkish  diorite  so  common  on  the  surface,  but  is 
almost  black  in  color,  with  the  peculiar  luster  of  augitic  rocks. 
The  microscope  shows  it  to  be  a  true  augite  diorite,  precisely  the 
sTme  rock  as  the  surface  stone  except  that  its  augite  is  fresh  or 
only  slightly  altered.  The  usual  amount  of  free  (piartz  is  pres- 
ent, as  in  all  these  rocks,  and  likewise  some  few  flakes  of  biotite. 
This  phase  of  the  diorite  mass  appears  to  be  the  core  of  Mt. 
Davidson. 

Proceeding  farther  in  the  tunnel,  the  pinkish  rock  tends  to 
reappear  gradually  beyond  4500  feet,  and  at  4700  feet  a  peculiar 
mottled  facies  shows  itself.  This  has  not  yet  been  investigated, 
but  is  merely  a  variety  of  the  diorite.  At  4908  feet  in,  the  '*west 
fault,''  as  it  will  be  called,  occurs,  beyond  which  appears  the 
**west  diabase."  The  rocks  of  this  section,  when  properly 
studied,  will  complete  the  work  of  Hague  and  Iddings  east  of  the 
lode,  and  will  serve  to  bring  into  greater  relief  the  admirable 
work  of  these  men. 

CONCLUSIONS. 

Form  of  Lode. — The  Comstock  lode  is  divisible  on  structural 
grounds  into  two  main  portions:  (1)  the  Virginia  City  portion, 
and  (2)  the  Gold  Hill  portion.  The  Silver  City  fault  and  lode,  or 
** branch,"  as  now  called,  is  a  distinct  unit,  probably  of  later  age. 
The  grounds  for  this  belief  are,  as  seen,  the  facts  of  it  being  a  dis- 
tinct fault,  and  that  the  vein  filling  is  different  from  that  of  the 
Comstock  lode  proper.  The  only  grounds  for  a  belief  in  a  later 
age  are  those  of  structure;  it  is  well  shown  that  much  faulting 
took  place  after  the  first  formati(m  of  the  main  lode,  and  to  com- 
bine all  the  facts  presented  it  is  necessary  to  assume  a  period  of 
faulting  not  coincident  with  that  which  formed  the  bonanza 
gashes,  but  later  than  the  first  faulting.  In  this  countr>'  of  great 
and  long  continued  faulting  such  an  assum])tion  is  not  without 
a  good  basis. 

The  Virginia  City  portion  of  the  lode  is  bounded  on  both 
north  and  south  by  a  series  of  east-west  faults.  Also,  to  the  north, 
some  forking  of  the  lode  occurs,  with  one  strong  branch  bending 
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tn  tlip  enst  in  Ihd  Sicrru  Neviida  trround.  The  fmiltJi  or  alif 
the  south  arc  tluiw  nppntxiniati-ly  in  ami  east  of  Bullion  Ra\-inft,l 
But  few  of  these  f-ast-west  fractures  contnin  miK-h  secondary 
iiiin<;ral.  Tho  few  which  do  become  veins  are  Iiirgcly  calcit« 
hearing,  and  pmbahly  of  dilTereut  agp  from  the  others.  Eietween 
these  two  lines  of  east-went  motion  is  locutcd  the  Virginia  City 
jiortion,  differinp  from  the  other  part  in  huvin^  n  greater  rela- 
tive niovcint-nl  of  the  foot  and  haan'"^  wnlln.  This  moliun  has 
been  »>  trreat  that  tin  unequal  movement  of  the  hanging  wall 
block  was  produced,  the  bottom  moviun  farther  than  the  top, 
with  consequent  rupture.  Thew  ruptiin^  produced  the  second- 
ary vertical  gashes,  or  veins  of  rifting.  This  motion  causing  rup- 
ture, however,  wns  distinctly  later  in  ape  than  the  first  vein  form- 
ing iiiovemi'nts.  Hence,  when  the  secondarj'  openings  were 
formed,  they  were  filled  with  concentrations  from  the  prc^nona 
deposits  as  well  as  with  original  supplies  fntm  gn-at  depths.  And 
there  is  no  pood  reason  for  assuming  that  either  the  movements 
or  the  ore  deposition  have  ceased,  but  rather  all  facta  tend  to 
confirm  the  iden  thai  ore  is  yet  Iwing  moved  from  place  ta  place 
in  the  greater  deptlw  as  well  as  fnwh  supplies  from  below  beintt 
brought  up  by  the  hot  WHtera. 

In  the  Gold  Hill  portion  the  relative  movement  of  the  walla 
of  the  lode  has  been  less;  there  have  been  no  rift  veins  formed, 
and  the  ore  bodies  are  within  the  lode  walls,  near  the  hanging. 
The  same  two  periods  of  deposition  of  vein-filling  were  present 
here,  the  bcHiiinzns  occupying  later  fissures  near  the  hanging  wall 
of  the  earlier  vein.  Xo  doubt  deposition  is  still  progressing'  in 
depth  here,  though  not  enough  mining  work  has  been  done  to 
allow  a  definite  statement  in  this  regard.  The  one  exception  to 
form  in  thi.s  portion  of  the  lode,  in  the  Yellow  Jacket  mine,  was 
due  tn  the  faet  that  the  vein,  in  its  proper  plane,  did  not  reach 
the  surface,  so  that  the  relative  movement  of  the  hanging  wall 
bloek  downward  was  taken  up  near  the  surface  by  a  gash  or  rift. 

Drposition  of  Ores. — On  account  of  the  importance  of  the 
subject,  a  reiterated  statement  is  not  out  of  place  regarding  the 
two  periods  of  ore  deposition.  Had  the  second  of  these  periods 
not  existed,  there  would  be  practically  no  ore  on  the  Comstock. 
hence  the  relations  of  these  two  must  be  of  vital  concern.     The 
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first  period  of  vein-filling  was  due  to  the  primary  faulting,  and 
jow-grade  materials  were  placed  in  the  open  fissure.  The  second 
and  later  period  opened  new  fissures,  rift  veins  in  Virginia  City, 
and  openings  within  the  vein  in  Gold  Hill,  in  which  the  rich  con- 
centrated ores  of  the  bonanzas  were  deposited.  This  second 
period  probably  continues  in  the  depths,  as  it  would  surely  do 
above  were  the  lode  still  intact  from  man's  hand.  The  details 
of  this  ore  deposition  have  not  yet  been  thoroughly  studied  out, 
nor  can  they  be  until  our  knowledge  of  the  physical  chemistry 
of  the  subject  is  more  complete. 

Location  of  Bonanzas. — The  deep  ore  bodies  of  Virginia  City 
have  been,  and  will  be,  found  within  the  hanging  wall,  in  more  or 
less  vertical  fissures,  of  which  the  surface  **east  vein,''  the  Great 
Bonanza,  and  the  vein  now  being  worked,  are  examples,  ^lore 
such  bodies  should  be  found  by  properly-driven  cross-cuts  and 
drifts  lower  down  and  to  the  eastward.  There  is  also  a  large 
stretch  of  the  lode  above  the  2150  feet  level  which  has  not  been 
thoroughly  explored.  The  probable  reason  for  the  peculiar  rifting 
of  the  hanging  wall  block  is  that  the  cementing  of  the  first  frac- 
ture by  quartz,  and  the  concomitant  weakening  of  the  hanging 
wall  by  the  leaching  action  of  the  ground  watei-s,  enabled  the 
later  stresses  to  fracture  the  hanging  wall  block  as  it  is  found. 
The  reason  for  believing  in  the  existence  of  still  deeper  similar 
rifts  filled  with  ore  is  that  the  surface  for  two  miles  eastward 
from  the  lode  shows  the  hanging  wall  block  to  be  greatly  altered 
by  the  action  of  hot  waters,  and  therefore  weakened.  The  Sutro 
tunnel  section  corroborates  this,  and  the  mine  workings  also  show 
the  rocks  east  of  the  lode  not  to  be  solid  nor  unaltered. 

Also,  there  is  considerable  concentration  of  ore  taking  place 
from  above  by  the  surface,  or  vadose,  waters.  These  ores  will 
occur  on  or  near  the  footwalls  of  the  numerous  branches  of  the 
lode  which  outcrop  on  the  surface,  within  a  few  hundred  feet  of 
the  outcrops.  Such  material  is  low-grade,  however,  and.  in  the 
main,  not  yet  available  because  of  the  high  cost  of  mining  and 
milling.  A  body  of  future  reserves  is  thus  assured.  The  low- 
grade  of  these  ores  has  been  proved  by  numerous  assays.  Fur- 
ther, the  west  wall  of  the  lode  has  never  been  thoroughly  investi- 
gated, and  such  work  might  prove  ver>^  profitable. 
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tilrnilare  and  Oenfsut  of  Ml.  David»on.~y\\.  Dsvidsun  is  g"^ 
dioritc  iniisM  bmind<-"d  on  all  aidis  by  rnulls.  snd  has  riwn  Ma- 
tively  to  the  sunwindinsr  fountrj'.  The  Onnntwk  Mo  occiipiM 
the  fissure  uiflde  by  Ihe  eaiit  f«ult  IwniidiiiK  the  mass.  Tht-  wwt 
fuidl  now  shown  in  the  HaJe  and  Non;roi«  tunnel  is  not  wciipipd 
hy  n  vein  in  the  tunnel,  because  tht>  oniiifirittsive  slrcusta  haw 
Itt'en  Um>  frrfal.  Knrlher  ■eorch.  both  along  this  fault,  itnd  part 
ulariy  Farthftp  wt^t,  may  eitwiy  result  in  the  finding  of  oro.  Th« 
are  no  reasons  for  iissiunin^  the  non-existence  of  ore  in  Ihe  wo 
enuntrj'.  nor  elsewhere  in  the  faultt^d  n-pion  siirroundinp  Mfe; 
Davidson,  tsiiwiidly  to  the  south,  wherp  the  pouiitry  is  mure  fr« 
tiiriii  an<i   hrokt-n. 

A  fuHlicr  word  oinwiminB  Mt.  Davida)n  may  not  be  aniiH 
nlthiingh  the  subjeni  hail  not  iK'en  fully  investigiited.  on  i 
o£  the  time  ^eeessnr>^  On  th*?  Canton  shwt'  tho  mass  of  M^ 
Da^ndson  is  seen  to  be  a  roughly  rentangidar  ma^  apiin^ximate 
two  by  one  and  ono-half  miles,  with  the  major  axii*  north 
Moutli,  bounded  on  till  »id«»  by  steep  slopes.  The  eastern  slope 
in  noti'd  for  the  Onistoek  lixJe.  The  aurfaw  of  this  mountuin 
uiMKN  ia  that  nf  an  old  emdM]  n>Rion,  as  noted  by  Befker  t  (pa^ 
184  et  seq.).  whieh  has  been  uplifted  above  the  Mirmundiiii; 
eoiintry.  One  standing  on  the  mimmit  of  Mt.  Davidson  eannot 
fjiil  to  be  stniek  with  the  mature  eharaeter  of  the  topofjraphy. 
This  eroded.  (lently  rolling  surfaee  exists  well  p^esl.■^^■ed  in  the 
Sierra  Nevada  to  the  west,  now  broken  and  displaced  by  later 
faidtiii;.'  action.  The  historT,-  of  the  Sierra  and  Virginia  ranges  is 
identieal  in  the  main  features.  These  statements  will  be  proved 
by  a  eitation  of  facts  in  a  subse^juvnt  paper  now  in  preparation. 
The  results  of  this  eoneeption  are  obvious  and  far  reaehing.  The 
liH-alion  of  the  Comstoek  is  well  known  on  the  east.  On  the 
south  are  oilier  ore  bodies  in  Ihe  American  Flat  region,  but  all 
of  the  south  has  not  been  prospected.  One  well  developed  west 
fault  has  reeenlly  been  shown  in  the  Hale  and  Norcross  tunnel, 
and  more  will  follow.  The  luaxinium  faulting  on  the  west  is 
farther  to  the  west  than  the  preseut  face  of  this  tunnel.   To  the 
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north  several  quartz  bodies  are  known  to  exist  on  the  surface  over 
the  broken  country,  but  the  details  here  are  not  yet  known.  There 
is  abundant  reason  for  suspecting  the  existence  of  ore  on  other 
sides  of  Mt.  Davidson  than  the  east. 

University  of  Nevada, 

Reno,  May,  WOo. 

Note. — At  the  present  date,  July  6th,  1905,  it  can  be 
definitely  st-iUed  that  ore  has  been  discovered  in  well-formed 
vi^ins  in  the  Jumbo  District,  about  two  miles  west  of  the  Com- 
stock Lode,  on  the  west  slope  of  the  Davidson  Phiteau.  Also,  the 
Hale  and  Norcn)ss  Tunnel,  though  not  yet  far  enou^rh  west  to 
dt»velop  ore  bodies,  has  cut  into  a  lar^re  How  of  warm  water  in  the 
fi.ssured  **west''  country. 


1 


UNIVERSITY  OF  CALIFORNIA  PUBLICATIONS 

BULLETIN  OF  THE  DEPARTMENT  OF 

GEOLOGY 

Vol.  4,  No.  1 1,  pp.  201-226,  Pis.  26-27  ANDREW  C.  LAWSON,  Editor 


THE    DIFFERENTIAL  THERMAL   CONDUC- 
TIVITIES OF  CERTAIN  SCHISTS. 


BY 

Paul  Thelen. 


CONTENTS. 

PAGE 

Introdnction 201 

The  Use  of  the  Wax-figure  for  the  Determination  of  Relative  Heat- 
Conductivities  205 

Methods  used  by  the  Writer 211 

The  Conventions  used  in  speaking  of  the  Schists 215 

The  Rocks  Investigated  and  the  Results  Obtained 216 

Petrography  of  the  Schists 218 

The  Hornblende  Schist 218 

The  Glaucophane   Schist 221 

The  Quartzose  Schist 222 

The  Wrangell  Mica  Schist 224 

INTRODUCTION. 

We  know  that  in  general  the  physical  properties  of  crj^stalline 
substances  are  functions  of  direction,  that  is,  crystallographic- 
ally  similar  directions  show  like  physical  properties  (conduc- 
tivity for  heat,  light,  and  electricity,  dilatation,  cleavage,  hard- 
ness, solubility,  etc.),  while  crystallographically  dissimilar 
directions  may  show  unlike  propei-ties.  Even  isotropic  sub- 
stances, for  instance,  possess  cleavage.  Here  the  behavior  toward 
light  is  the  same  in  all  directions,  while  the  cohesion  is  not. 
These  phenomena,  observed  in  all  crj^stalline  bodies,  are  referred 
back  to  an  internal  molecular  structure.  This  structure  is  sug- 
gested to  us,  too,  by  the  .external  geometrical  form  of  the 
crystals. 


Umvergity  of  Catifomia  Publications. 

In  the  case  of  the  heftt  and  light  GondtiRtivitiea  of  crystalline 
bodies,  we  assume  the  properties  of  the  ether  to  be  affected  by 
this  molecular  structure.  Increased  conductivity  in  one  direc- 
tion is  explained  by  an  increase  in  Ihe  elasticity  e  of  the  etbsx' 
in  that  direction,  the  density  d  remaining  constant  (Fresnel) ;  or, 
equally  well,  by  a  decrease  in  the  density,  the  elasticity  being 
constant  and  equal  to  infinity  (Rayleigh)  or  equal  to  -E  (Thom- 
son} where  K  corresponds  to  the  modulus  of  shear  or  coefficieul 
of  rigidity.  This  is  in  accordance  with  the  old  elastic  solid 
theory  where  '"^  —  v  ^  ■  The  modem  electro-magnetic  theory  of 
Clerk  Maxwell  teoehes  that  ^^^Vr*  where  K  is  the  specific 
inductive  capacity  and  j/  is  the  permeability,  and  the  value  of 
this  radical  increases  with  an  increase  in  —  or  with  a  decrease 
in  K.  Whichever  one  of  these  views  we  adopt,  we  a.ssume  always- 
fniidamcntnlly  that  Rome  property  of  the  ether  is  affected 
iiny  resriflarity  in  the  arrangement  of  the  moleeul«i.  If 
arrange  a  number  of  material  particles  in  orderly  fashioi 
have  not  affected  the  properties  of  the  ether;  if,  as  is  probably 
the  ease  in  eiystalline  solids,  we  arrange  a  number  of 
gates  consiBtiDg  of  many  molecules  each  in  orderly  fashion,  we 
have  affected  the  properties  of  the  ether.  Where  is  the  dividing 
line?  The  question  that  suggested  itself  was  this:  If  light 
and  heat  conductivity  in  a  crystal  are  functions  of  internal 
molecular  structure  and  of  conditions  of  internal  strain,  will  the 
heat  and  light  conductivity  of  a  rock  depend  similarly,  in  part, 
at  least,  upon  its  internal  crystallographic  stnicture  and  its  con- 
ditions of  internal  strain! 

In  a  schist  which  has  been  dynamically  metamorphosed,  we 
jLssume  that  the  internal  strain  has  been  relieved  by  the  re- 
erj-stallization  of  the  constituent  minerals;  but  this  reerj'stalliza- 
tion  has  set  up  in  the  roek  a  definite  cr^'stallographic  structure 
comparable  to  the  definite  molecular  structure  of  a  cr.vstal. 
Will  this  structure  in  itself  affect  the  thermal  conductivity  of 
the  rockT  Can  we  here  consider  the  crystal  as  the  physical  unit 
even  as  we  have  heretofore  considered  the  molecule  or  aggrega- 
tion of  molecules  t 
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The  answer  seems  to  be  very  definitely,  No !  that  the  thermal 
conductivity  of  a  rock  is  not  in  any  way  a  function  of  the 
orientation  in  itself  of  its  mineralogical  constituents,  but  is  en- 
tirely the  result  of  the  integrated  thermal  conductivities  of  the 
individual  minerals.* 

This  result  was  the  probable  one.  Experimental  verification 
is,  however,  always  valuable  and  grateful. 

When  sufficient  evidence  shall  have  accumulated  to  verify 
the  above  answer  and  the  analogous  statement  concerning  dilata- 
tion effects,  namely,  that  the  dilatation  coefficients  of  a  schist 
are  unequal  in  different  azimuths  and  computable  from  a  micro- 
scopic examination  of  the  rock  structure  and  a  knowledge  of 
the  dilatation  coefficients  of  the  constituent  minerals,  we  shall 
have  a  new  and  potent  tool  to  take  into  account  in  any  discussion 
of  deformations  of  the  earth's  crust  by  thermal  effects.  Sup- 
pose, for  example,  a  bed  of  crystalline  schists  undermined  by  a 
molten  magma.  If  the  coefficient  of  thermal  expansion  in  one 
direction  in  the  overlying  plane  is  greater  than  in  another  direc- 
tion perpendicular  to  the  first,  and  in  the  same  plane,  then  we 
shall  have  a  definite  tendency  toward  differential  deformation. 
The  effects  will  duplicate  those  due  to  compression  by  other 
agencies.  Take,  for  instance,  a  quartzose  rock.  This  is  a  poor 
example  since  quartz,  though  often  found  in  schists  with  the 
longer  dimensions  of  the  individual  grains  roughly  parallel,  is 
yet  never  found  with  its  c  axes  parallel.  But  the  physical  con- 
stants of  quartz  have  been  worked  out  and  can  furnish  the  basis 
of  a  numerical  computation.     For  the  range  from  0""  to  100^  C, 

Fizeau  gives  that  parallel  to  c, 

l^  =  /o  ( 1  +  .0000072  /+  .0000000081  f) 
and  perpendicular  to  c,   /t  =  /o  (1+   .00001  :Jf+   .000000012/'). 

If  we  make  t  =  100°C,  we  have  hoo=-  /o  (1.00078)  parallel  to 
c  and  /loo—  h  (1.00141)  perpendicnilar  to  r. 

Waldemar  Voigt   determined  Young's   modulus   in   various 

•Such  effects  as  total  reflection,  for  instance,  nre  pr()l)al)ly  not  entirely 
negligible.  A  Sillimanite  needle,  surrounded  entirely  by  minerals  of  lower 
index  of  refraction  than  its  own,  would  propagate  in  the  direction  of  its 
length  only  any  heat  ray  that  entered  a  cross  section  of  the  needle  nearly 
parallel  to  its  length.  The  effect  may  be  observed  by  looking  lengthwise 
through  a  solid  glass  tube  which  points  toward  a  source  of  light— light  and 
heat  waves  obeying  the  same  laws  in  general. 
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diiTCtions  for  <(iiartz,  mid  his  results  bear  out  the  ronclusionS' 
of  S«varl*  lh«l  the  elnstie  properties  in  various  azimuths  posaeM 
the  osymuielry  eharaeteristio  of  riiombohedral  t«tartoliednl 
crysttnl ligation.  Ilia  results  were  computed  from  bending  tests, 
with  the  loud  applied  in  the  middle.  Hnd  E  was  the  nnknown 

f  p 
qunntiti  in  the  bending  foi-nmla  V  —  igt,,)'- 

The  values  of  Ei  expressed  in  grams  per 
E„  =  10.304. (XM)  [laralh'l  to  c. 
B_iK=^  13.050.000  perpcndicnlnr  to  —R 
EM  =  S.405Xm  pcriwndionlar  to  +fi. 
^  =  7.850,000  perpendicnlar  to  p. 
For  linear  dilutation,  E  or  it—  ~^  or  e 
For  thermal  expansion.  e^(  (f- — ti)  c. 
Combining,  f— .lf<i  ((i — 'i)  r,  which  measures  the  forve  to 
applied  to  keep  the  body  from  expanding  under  the  given 
ditions.     If  we  take  a  eubie  foot  of  quartz  in  which  the  c 
are  all  purallel,  we  shall  have  the  force  of  expansion  for  a 
of  temperature  from  0''  to  lOO'C  to  be 

^J|^'22„X(I2X25.*)'X.O0n7H-82(JT(,™i*f«q.ft.  p»r»llt.lMf 
and 

jr'i^^v'^in'^**--^"'''-'*''^'''*"^'  "'  "■"•TonB  pprsq.tt.  perpendicular  tor. 
These  results  arc  remarkable,  but  not  nearly  as  startling  as 
they  might  I>e.    For  here  the  modulus  is  large  where  the  thermal 
expansion  is  small,  and  the  two  tend  to  neutralize  each  other. 

A  i.'ase  that  would  come  nearer  to  some  of  the  schists  studied 
would  be  one  in  which  mica  or  hornblende  is  the  main  mineral. 
In  many  mica  M-hists  the  micas  all  lie  in  the  same  plane,  having 
their  c  axes  parallel,  while  in  some  hornblende  rocks  the  hom- 
lileiidcs  have  all  three  axes  roughly  parallel. 

Oypsum   has   in   the   plane   of  its   clinopinacoidal    cleavage 
moduli  whose  values  varj-  from  3.1X10°  to  8.6XlO*t;  but  values 
perpendicular  to  the  cleavage  have  not  been  worked  out  because 
•  I'OKC-  Ann,  Bil.  XVI,  p.  206,  1826. 

t  Taken  from  his  remarkable  paper  in  V.  5  of  the  Beibliitter  des  Jahr- 
Lui-hes  fiir  i'ryst.  Min.  ii.  Pnleont. 

;  L.  A.  ('oroniiluH.  Cber  die  Elastic)  tataverh  a  It  nisse  in  Gj^  und  Glim- 
mer.  Inaug.  Dia.  Tubingen.  1877.    Reviewed  in  Zeit.  fiir  Kryat.  V,  I,  p.  407. 
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the  bending  test  can  not  be  applied  here  and  no  other  method 
has  been  successfully  substituted  for  it.  Mica  shows  less  varia- 
tion in  the  basal  planes  and  values  perpendicular  to  this  have 
also  not  been  worked  out.  The  physical  constants  of  horn- 
blende have  not  yet  been  determined.  These  two  minerals  will 
doubtless  show  much  greater  differential  effects  than  the  quartz 
does,  and  they  are  of  more  than  theoretical  importance. 

The  volume  relations  are  interesting  as  they  give  an  idea  of 
the  relative  insignificance  of  the  synclinal  and  anticlinal  de- 
formations  necessary  to  relieve  the  strains  set  up  by  thermal 
changes.  If  we  imagine  a  cubic  mile  of  quartz  similar  to  the 
cubic  foot  discussed  and  heat  this  up  for  a  thousand  degrees,  w^e 
get  the  expansion  in  the  two  directions  (assuming  rather  dubi- 
ously that  Fizeau's  values  for  the  coefficients  of  expansion  as 
determined  for  the  range  from  0°  to  100°  hold  for  this  range 
as  well)  to  be 

5280X. 0078=41.2  ft.  parallel  to  c,  and 

5280 X. 014  =73.9  ft.  perpendicular  to  c. 
A  similar  block  of  augite  would  give  expansions  of  84.5,  32.7 
and  96.0  ft.  per  mile  in  the  three  directions  which  correspond 
to  the  three  main  axes  of  thermal  expansion.  Calcite  shows 
much  greater  discrepancies  since  c  is  negative  in  one  direction, 
the  values  being 

Zt  =  /o  (1  +  0.0425  t  +  0.0708  t')  for  parallel  to  c. 

h  =  lo  (1  —  0.04057  ^  +  0.0704  t')  for  perpendicular  to  c. 
Hence  the  expansion  for  a  thousand  degrees  (making  the  same 

dubious  assumptions)  would  be 

5280  X  ( .025  +  .008)  =  +  176  ft. 

5280  X(  — .0057+  .004)  =  — 8.9  ft. 
Again,  one  result  of  the  differential  thermal  conductivities  is  its 
effect  upon  the  outlines  of  the  zone  within  which  the  metamorphic 
influence  of  an  intrusive  magma  would  make  itself  felt. 

THE    USE    OF    THE    WAX-FIGURE    FOR    THE    DETf:RMINATION    OF    THE 

RELATIVE   HEAT    CONDUCTIVITIES. 

J.  Ingen-Houtz*  was  the  fii*st  to  suggest  the  use  of  wax- 
figures.     His  work  was  done  over  a  hundred  and  twenty  years 


*  J.  Ingen-Houtz.     Sur  les  m^taux  comme   conducteurs  de  la  cbaleur. 
Jour,  de  phys.  34,  1789. 


tigo:  altliuu^'h  his  inimericai  results  were  of  no  value  whatever. 
y(^i  his  namf  is  remembered  because  he  was  the  first  Ui  outline 
the  method,  lie  took  thin  slices  of  crystals  cut  so  as  to  have 
two  faces  parallel,  bored  a  hole  periiendicularly  thi-ough  the 
center  of  each  one.  eoated  both  faces  with  wax  and  through  the 
hole  ran  a  needle  or  wire  which  could  afterward  be  heated  by 
conduction  or  by  an  electric  current. 

Sixty  years  elapsed  before  anything  more  was  done.  Then 
de  Senarmonl*  took  up  the  work.  His  results  on  quartz  in  par- 
ticular and  on  ubi.iul  a  score  of  other  minerals  in  general  have 
be<!ome  classic,  arid  later  investigations  through  half  a  century 
have  not  east  any  doubt  upon  their  accuracy.  Senannont  used 
u  silver  wire  which  he  heated  at  one  end.  The  wire  was  either 
driven  through  a  hole  in  the  section,  or  its  end  was  lowered  per- 
pendiculai'ly  upon  the  face  of  the  crystal,  The  wax  surface  was 
sliieldcd  fi-om  any  heat  wliich  might  radiate  from  the  fianie  or 
wire.  In  his  later  work,  Seuarmont  used  also  a  hollow  tube  in 
place  of  tile  silver  wire.  This  was  heated  by  passing  a  current  of 
hot  air  through  it. 

He  found  that  every  section  of  an  iaonietric  crj-slal  and  every 
section  perpendicular  to  c  of  a  uniaxial  crystal  gave  circular 
wax  figures.  This  means  for  the  First  System  a  spherical  heat- 
conductivity  ellipsoid,  and  for  the  Second  and  Third  Systems 
an  oblate  or  prolate  ellipsoid  of  revolution  with  the  c  axis  as 
the  axis  of  revolution.  Further  experiments  with  crystals  of 
the  Fourth,  Fifth  and  Sixth  Systems  pave  triasial  ellipsoids  in 
all  cases.  In  the  orthorhombic  system,  the  three  main  axes  lay 
in  the  piuacoids,  and  hence  were  parallel  to  the  ciystallographic 
axes.  In  the  monoelinic  sj-stem,  one  axis  was  parallel  to  the 
orthodiagonal;  and  in  the  triclinic,  not  even  one  axis  was 
uniquely  located  by  a  knowledge  of  the  orientation  of  the  erystal- 
lographic  axes.  Thus  the  orientation  of  the  axes  of  elasticity 
for  heat  conduction  beara  in  every  case  a  relation  to  the  direc- 
tions of  the  erystallo^raphic  axes  which  is  entirely  analogous  to 

■  The  Bcientiflc  literature  of  the  day  is  replete  with  brief  outUnea  of  the 
results  of  his  work.  Ann.  chim.  phys.  1887,  1848,  1850;  Ann.  Pogg.  1848, 
]84e,  1850,  etc.;  Wied.  Ann.  of  the  same  period. 
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that  which  the  orientation  of  the  optical  axes  of  elasticity  bears 
them. 

Senarmont's  values  for  the  ratios  of  the  axes  of  his  wax  figure 
ellipses  in  sections  parallel  to  c  in  some  uniaxial  crystals  are 
given  here,  and  reference  will  be  made  to  these  figures  later.  The 
figures  of  the  first  column  are  proportional  to  the  axis  parallel  to 
c,  and  the  axis  perpendicular  to  c  is  taken  as  unity. 

Quartz  .76  1.00 

Tourmaline  1.27  1.00 

Calcite  .90  1.00 

Rutile  1.10  1.00 

These  were  some  of  the  results  of  Senarmont's  work,  results 
both  general  and  specific.  But  this  genius  of  the  laboratory  was 
unable  to  state  definitely  whether  or  not  there  was  any  relation 
between  the  thermometric  conductivity  in  any  direction  and  the 
length  of  the  radius  vector  of  the  ellipsoid  in  that  direction.  His 
results,  as  interpreted  by  himself,  merely  showed  that  the  ther- 
mometric conductivity  varied  in  the  different  directions  and  that 
the  wax  figures  were  symmetrical  when  there  was  within  the 
crystal  no  axis  of  elasticity  which  made  an  oblique  angle  with 
the  surface.    ( In  this  case,  an  oval  was  produced. ) 

We  can  at  once  come  one  step  nearer  our  result  by  getting 
the  relation  between  the  thermal  conductivity  Ky  and  the  ther- 
mometric conductivity  k.  It  is  apparent  that  the  rise  in  tem- 
perature, by  means  of  which  thermometric  conductivity  is 
measured,  will  be  proportional  to  the  thermal  conductivity  K, 
and  to  the  reciprocal  of  the  thermal  capacity  ds,  where  d  is  the 
density,  and  s  is  the  specific  heat. 

We  have,  then,  k  =  K/d'S. 
This  agrees  with  Tait,*  who  uses  s  to  represent  thermal  capacity 
and  writes  k  =  K/s.  It  also  agrees  with  Gruenstein  and  Giebcf 
who  have  a'=K/d'S,  where  the  thermometric  conductivity  is 
expressed  by  a-.  Such  was  probably  the  author's'  intention,  since 
a  is  generally  used  for  distances,  and  could  in  this  case  be  propor- 


•Theory  of  Heat,  Tait. 

t  E.  Giebe.     tJber  die  Bestimmung  der  Warmeleitvennogens  bei  tief  en 
Temperaturen.    Verb,  der  D.  P.  GeseUschaft,  1903. 
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tiiinal  to  the  distance  from  the  point  source  of  the  heat  t 
point  whose  temperature  is  under  eoasideratioo. 

We  have,  then,  for  one  direction,  k  =K  Ids; 

and  for  another  direction.  k'^K'/dn-. 

and,  siuw  density  and  apecifie  gi-avity  are  not  directed  ^iiaati 

ties,  and  are  eonstants  for  any  one  specimen,  we  have  k:k'= 

K.K'. 

The  rest  of  Seuarmont's  queBtiuii  was  first  answered  by  Dahi 
mel*  on  the  basia  of  a  theory  which  he  had  worked  out  in  1828; 
The  foundation  of  this  theory  was  the  hypothesis  that  heat  is 
conducted  within  a  solid  body  by  radiation  from  one  nioiecnle  to 
another.  Duhamel  came  to  the  eonelnsion  that  the  ratios  of  the 
axes  of  an  isnthei-mal  ellipsoid  are  equal  to  the  ratios  of  the 
square  roots  of  the  thermometric,  and  hence  also  thermal,  con- 
diii3tivities  in  the  corresponding  directions.  _ 

In  the  same  year,  G.  G.  Stokesf  came  to  the  same  conclusioiL,f 
from  a  perfectly  genei'al  discussion  of  the  conduction  of  heat  in 
cr^slflla,  in  which  no  assumption  was  made  as  to  intermolecular 
radiation  or  any  other  nienna  by  which  the  heat  might  be  eon- 
diictt'd.  Tlis  differential  heat  equations  nnd  the  bcjiutifu!  line 
of  reasoning  by  which  he  finally  gets  bis  result  would  be  out  of 
place  in  this  paper.  Ilig  result  is  that  the  axes  of  the  ellipse 
are  proportional  to  the  square  roots  of  the  thermal  conductivi- 
ties, and  accurately  so,  for  the  shape  of  the  ellipse  is  unaffected 
by  the  losses  from  the  surface. 

The  removal  of  the  theoretical  difSeulties  which  had  pre- 
vented the  interpretation  of  the  laboratory  results,  at  once  gave 
good  opportunities  for  satisfactory  research  work. 

E.  Jannetazt  found  that  boring  holes  into  the  sections  was 
a  tedious  and  unsatisfactory  business,  so  he  used  a  small 
platinum  bullet  through  which  he  sent  an  electric  current  by 

*  J.  M.  Duhamel.  Sur  les  Equations  gfn^rales  de  la  propagatlou  de  la 
chiilcur  daiia  les  corps  solidcs  dont  la  conductiWlit*  n'eat  pas  la  menie  dans 
tous  les  sens.     Jour,  de  I'^ole  polytecb.     13,  356,  1832. 

t  Ci.  G.  Stokes.  On  the  conduction  of  Heat  in  crystals.  Cambridge  and 
Dublin  Math.  Journal.     C,  215,  1851. 

J  E.  Janiictai.  Dcs  Surfaces  Isuthermes  on  min^ralogie  et  en  g^ologie. 
Notii-e  Hiir  les  Iraiaux  scient.  de  M.  E.  Jannetai.    Meulan,  1882. 

E.  Janrietaz.  Sur  la  propagation  de  la  chaleur  dans  les  corps  cristallis^ 
Anna!  ehim.  ]>hys.  (4)  29,  p.  5,  1873.  Bui!.  Soc.  G^ol.  de  France,  1873- 
1878;  1881.     Joum.  de  Physique,  <1)  5,  pp.  150,  247,  1876. 


fk 


Vol.  4]  Thelen. — Thermal  Conductivities  of  Certain  Schists.     209 

means  of  two  fine  platinum  wires.  He  took  readings  on  a  very 
large  number  of  minerals.  Liebisch*  says  of  Jannetaz*  attempt 
to  show  a  dependence  of  the  thermal  conductivity  on  the  cleav- 
age of  the  crystals,  that  the  conductivity  is 'symmetrical  with 
respect  to  other  properties  than  that  of  cleavage, — *'dass  die 
Wamieleitungsfahigkeit  andere  Symmetrieeigenschaften  besitzt 
als  die  Cohiisionseigenschaften.^'  This  matter  will  be  brought  up 
again. 

Roentgenf  obtained  his  ellipses  by  an  entirely  unique  method. 
He  blew  his  breath  upon  the  polished  surface  of  the  crystal,  set 
a  warm,  pointed  rod  perpendicularly  upon  it,  removed  the  rod 
and  hastily  spread  lycopodiura  powder  upon  the  surface. 
Where  the  moisture  from  his  breath  had  not  evaporated,  the 
powder  stuck;  and  on  turning  the  crystal  plate  over,  the  loose 
powder  could  be  knocked  off  from  the  center,  thus  leaving  a 
negative  ellipse  with  sharp  borders. 

S.  Thompson  and  O.  J.  Lodge  J  used  Senarmont's  method  to 
verify  the  statement  that  linear  conductivity  depends  upon  the 
direction  of  flow  along  the  line.  They  obtained  the  results  they 
were  looking  for.  The  ellipses  were  elongated  toward  the 
analogous  pole  of  the  tourmaline  (section  cut  parallel  to  c) 
with  which  they  were  working.  The  individual  values  for  the 
ratios  of  this  elongation  varied  from  1.17:1  to  1.42:1, — results 
varying  so  much  as  to  be  considered  valueless  by  the  writer. 
More  accurate  methods  of  other  observers  gave  determinations 
of  these  values  in  which  the  maximum  ditl'ere:ice  was  under 
one  per  cent. ;  and  we  may  yet  be  able  to  devise  means  sufficiently 
accurate  to  verify  experimentally  that  heat  Hows  with  ecjiial 
facility  in  either  direction  along  a  given  line,  regardless  of 
pyroelectric  or  other  properties.  The  only  reason  this  matter 
is  mentioned  hereS  is  to  show  what  the  {)ers()nal  etiuation  can 


•  Liebisch.     Physikalische  Crystallograpiiie.     Veit  &  Co.     Leipzig,  1891. 
t  W.   C.   Roentgen:    Ober  eine  Variation   dor   Senarniont 'sehon   ^lethode 

zur  Bemessung   der  isothermen   Flachen   in    Krvstalleu.     Ann.    Pogg.    151, 
613,  1874. 

W.   C.   Roentgen:     t)ber   eine   Methode   zur   Erzeugung   von   Isothermen 
auf  KrvHtallen.    Zeit.  f.  Kryst.  3,  p.  17,  1879. 

♦  On   Unilateral  Conductivity  in   Tourmaline  Crystals.     Phil.   Mag.    (5) 
8,  p.  18,  1879. 

§The  matter  is  discussed  in  some  detail  in  Liebisch,  loc.  cit. 
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do  in  such  a  case,  aud  witbin  what  extremely  wide  limits  tlie 
resiilta  nf  good  experimenters  varied  with  this  methtid.  The 
last  point  will  fie  hroupht  up  apain  in  discussing  the  probable 
error  of  the  results  on  the  thermal  eonduetivitiea  of  scliists. 

A  fairly  comprehensive  list  of  ratios  of  thermal  conductivi- 
ties to  the  one-half  power  (this  giveB  the  ratios  of  the  axes  of 
the  isothermal  ellipsoids)  is  appended  herewith  for  future  refer- 
Liite.  Muiiy  of  these  have  been  cheekt-d  Ijy  meai^iirements  of 
nhxolutv  conductivities  by  the  method  of  Forbes  and  in  other 
ways. 

For  the  monoelinie  minerals,  c  will  be  replaeed  by  '"parallel 
to  that  nxis  of  elasticity  which  lies  nearest  c";  and  the  fourth 
row  sbovi's  by  its  sign  in  which  quadrant  this  axis  lies.  The  sign 
-|~  indicates  that  it  ties  in  the  obtuse  angle  between  the  c  asis 
and  the  clinodiagonal.  The  numbers  show  how  far  from  the 
(■  axis  this  axis  lies.  The  third  column  will  still  indicate  values 
parallel  tn  ft. 

Then  the  second  column  must  indicate  values  alons  a  line 
perpendicular  to  ft  and  to  the  direetion  indicated  in  the  first 
column.  .^^^^^ 

The  list  ineiudes  no  trielinie  minerals.  ^    ■ 


All    I 


rals 


1.00 


00 


Rutile   79  1.00 

Zin'on    90  1.00 

Scapolite 85  1.00 

Vnsuvianite    95  1,00 

Quarti    76  l.rtO 

Specularite    1.10  1.00 

Dolomite    1.05  1.00 

Apatite 96  1.00 

Tourmaline    1.15  1.00 

Calcite    91  1.00 

Barite   1.00  1.06 

Anhydrite  1.00  .971 

Staurolite 1.00  .97 

Tremolite 1.00  .60 

Hornblende 1.00  .71 

Epidote 1.00  .93 

G.vpsum 1.00  .80 
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Methods  Used  by  the  Writer. 

The  rock  to  be  investigated  was  sawed  or,  where  possible, 
broken  with  a  hammer,  in  such  a  manner  as  to  give  it  a  face 
approximately  parallel  to  the  section  wanted.  This  face  was 
then  ground  smooth  and  true,  and  coated  evenly  with  a  thin 
layer  of  white  wax. 

The  wax  used  had  a  melting  point  of  63.6"^,  as  determined 
by  the  mercury  bath  method.  Lower  melting  points,  down  to 
38°  C,  can  be  secured  at  pleasure  by  adding  turpentine  in  vary- 
ing proportions.  The  wax  was  applied  by  dropping  a  few 
shavings  of  it  onto  the  previously  heated  face  of  the  rock,  tilting 
the  latter  back  and  forth  until  a  film  of  melted  liquid  covered 
the  whole  upper  surface,  pouring  off  the  excess,  and  then  allow- 
ing the  whole  to  cool.  The  point  of  a  hot  copper  wire  was  next 
placed  perpendicularly  upon  the  prepared  surface.  As  the  heat 
flowed  outward  radially  from  the  point,  a  small,  approximately 
elliptical,  area  of  the  rock  face  became  heated  above  the  melting 
point  of  the  wax. 

The  area  of  the  ellipse  increased  more  and  more  slowly,  until 
the  integrated  radiation  and  convection  losses  per  unit  time 
became  equal  to  the  rate  of  flow  across  the  last  section  of  the 
copper  wire.  The  area  of  the  growing  ellipse  will  depend  on 
the  one  hand  upon  the  conductivity  and  the  thermal  capacity 
of  the  rock,  and  upon  those  properties  of  the  surface  which  vary 
the  surface  losses;  and  on  the  other  hand,  upon  the  time,  the 
temperature  of  the  copper  wire  and  of  the  air,  and  very  largely 
indeed  upon  the  temperature  of  the  rock.  Other  causes  affect 
it  to  an  inconsiderable  extent. 

The  melted  wax  is  drawn  outward  by  its  surface  tension, 
and,  the  point  a  being  removed,  it  cools  as  shown  in  section  in 
fig.  1  (enlarged  about  8  times).  In  this  way,  the  63.6°  C. 
isotherm  is  permanently  fixed  and  may  then  be  discussed  and 
measured  at  leisure.  Usually  6  to  12  figures  were  thus  fixed 
on  the  same  rock  face  before  any  measurements  were  taken. 

The  apparatus  used  had  to  be  so  arranged  that  no  radiant 
enei^ry  capable  of  vitiating  the  results  could  reach  the  rock  sur- 
face.    With  this  and  several  other  ideas  in  mind,  the  following 


schcuif  was  finiiUy  evolved,  aud  was  eonsidered  satis  factory. 
One  end  of  a  iik-ee  of  No.  8  copper  wire  (diameter  aliont  |^ 
inch)  was  tiled  to  n  long  point  and  the  wirt'  was  bent  into  the 
shape  shown  in   fig.   2.     A   hollow  glass  cone  was  then   fittedj 


around  the  point,  and  stiifled  fidl  of  a  ptisty  mixtnn.-  of  plast 
of  Pflr'w  tmd  asbestos  fibre.  This  dried  firm.  The  Bunsen 
bnrner  finiiie  was  applied  at  the  point  B.  As  a  further  pii; 
tion  airainBt  radiation  from  the  flame,  a  piece  of  6"XS"  a 
slieeting,  with  a  one-inch  hole  in  the  center,  was  slipped  around 
the  glass  oone  from  below  until  it  was  held  safe  by  the  friction. 
This  was  soon  dispensed  with  as  an  iiuneeessarj'  refinement. 

The  apparatu.f.  when  in  usr.  was  clamped  in  a  vise  at  D. 
The  weight  W  was  removed.  The  Bunsen  burner  was  adjusted. 
The  section  E  was  placed,  with  the  aid  of  ring-stand  and  clamp, 
directly  underneath  the  point  of  the  wire  and  about  one-fourth 
inch  from  it:  the  prepari'd  surface  was  then  leveled  so  that  it 
would  be  parallel  with  the  plane  surface  at  the  end  of  the  wire 
when  the  latter  was  lowered  through  the  intervening  one-fourth 
inch.  This  lowering  was  accomplished  by  replacing  the  weight 
W.  On  again  removing  the  weight,  the  wire  resumed  its  orig- 
inal position,  the  melted  wax  solidified,  and  the  ring-stand  was 
shifted  so  as  to  bring  a  new  portion  of  the  surface  underneath 
the  point  of  the  wire.  This  cycle  of  operations  was  repeated 
until  the  entire  surface  was  covered  with  wax  figures.  (See 
Plates  26  and  27.) 

This  method  is  simple,  inexpensive,  and,  if  used  with  care 
and  a  little  skill,  effective :  moreover,  it  required  but  little  appa- 
ratus which  was  not  at  hand  either  in  the  petrographical  or  in 
the  physical  laboratories. 


■a    ^^Btc:- 
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A  word  as  to  the  kind  of  point  filed  on  the  wire  will  not 
be  amiss.  At  first  it  was  the  tip  of  a  long  cone,  but  no  heat 
can  flow  across  a  point,  and  the  tip  of  the  cone  had  to  come  off. 
The  question  was  how  much  of  it,  how  large  a  section  would 
give  the  beat  results.  Without  going  into  the  details  of  differ- 
ential heat  equations,  there  are  in  general  two  limits  to  be  dis- 


Fui.  3. 
cuased, — a  very  large  section  or  a  very  small  section.     In  the 
ease  of  the  latter  (fig.  4),  the  only  objection  is  that  the  heat 
which  flows  across  can  be  dissipated   from  the  surface  of  an 
ellipse  which  is  verj'  small  indeed.     In  the  case  of  the  former 


FlO.  4.  Fic.  5. 

(fig.  3),  both^a;  and  y  would  be  greater,  but  a  good  contact  of 
the  wire  on  the  rock  could  hardly  be  expected.  Figure  ;>  indi- 
cates roughly  what  might  be  (ibtained  in  the  way  of  a  contact, 
where  the  unshaded  portion  would  show  an  air  film  between 
the  copper  wire  and  the  rock.  Then,  too,  a  large  section  that 
is  as  nearly  circular  as  it  can  readily  be  fashioned,  would  give 
appreciably  different  values  for  the  diameter  in  different  direc- 
tions, and  do  would  not  be  a  true  e<Astant.  Another  element 
which  might  be  worth  considering  is  that,  in  measuring  many 


buudrcd  cUipses,  the  time  consumed  in  racking  tie  mieroacopo 
ttibe  back  and  forth  over  a  large  dead  niva  would  be  very  consid- 
erablo. 

The  cone  was  trimmed  bai-k  three  times  in  the  early  stages 
of  the  work,  and  was  iixt-d  for  most  of  the  t^ts  with  a  diameter 
d„=l.2f)  nitii.  Thp  total  diameters  of  the  ellipses  varied  from 
3.00— H. no  mm.,  most  of  them  Iwing  very  near  4.00  mm.  The 
travelinc  mieroseope  which  was  employed  read  distances  to 
1/400  mm.  and  throughout  the  work  this  smallest  reading  of  tlw 
instnuriont  was  taken  as  unity.  Thus  the  constant  subtracted 
for  a.,  was  480.  since  480  (1/4O0  mm.)=1.2  mm. 

Thus  the  ratio  of  two  Kxes  might  be  1334/1673.  Prom  thin, 
the  corrected  ratio  is  found  to  be  (1334-480)/(1673-4S0).  or 
.717. 

To  facilitate  finding  the  limit*  of  the  wax  figures  under  the 
micrcscopc,  it  Waa  found  advisable  to  scratch  a  number  into  the 
wax  on  the  inner  fianks  of  the  figure,  and.  in  a  few  cases, 
delimit  the  field  by  scmtcbes,  ns  in  fig.  fi,    OMi(|ue'UHtural  Ii| 


1 


Fig.  6. 
was  used.  The  shadows  which  it  cast  around  the  figure  ns  a 
whole  wcr-e  of  no  value,  but  it  brought  out  very  clearly,  by  high 
lights,  the  extremely  fine-grained,  uniform  texture  of  the  twice 
melted  wax,  as  compared  with  that  which  surrounded  the  figure 
and  which  had  been  melted  but  once.  It  was  verj'  easy,  by  ob- 
serving this  distinction,  to  follow  the  line  of  contact  entirely 
around  under  the  micrascope,  and  any  figure  which  showed  irreg- 
ularity in  outline  was  rejected. 

The  ratios  of  the  three  axes  of  the  triaxial  ellipsoidal  iso- 
therms are  uniquely  determined  by  measurements  in  two  prop- 
erly chosen  sections,  but  a  third  section  of  each  rock  was  taken 
as  a  check. 
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For  the  purposes  of  demonstration,  that  is,  to  obtain  wax 
fi^ires  which  would  stand  out  prominently,  and  which  could 
easily  be  seen  and  photographed,  numerous  expedients  were  tried. 
Paris  white  and  various  Diamond  Dyes  were  dissolved  in  the 
wax  to  give  it  body.  Paraffin  and  beeswax  were  used.  Nothing 
more  satisfactory  than  white  wax  developed,  and  the  pictures 
show  that  it  was  unnecessary'  to  waste  further  time  in  experi- 
menting along  this  direction.     (See  plates  26  and  27.) 

THE  CONVENTIONS  USED  IN   SPEAKING  OF  THE  SCHISTS. 

For  convenience  of  reference,  the  three  axes  will  be  denoted 
by  A,  B,  and  C,  as  in  crj^stallography,  the  rocks  being  set  up 
according  to  the  following  scheme.  A  plane  parallel  to  that  of 
the  schistosity  always  contains  A  and  B,  and  will  be  designated 
as  the  top  face  of  the  rock.  If  in  this  plane  there  exists  also  a 
linear  orientation  of  the  crj'stals,  this  direction  is  A,  and  is  placed 
pointing  directly  away  from  the  observer.  If  the  schistosity, 
however,  appears  to  be  linear,  only  the  A  axis  is  fixed,  and  the 
choice  of  the  top  face  is  arbitrary  until  measurements  on  the 
face  perpendicular  to  A  give  the  direction  of  the  major  axis  of 
the  ellip.se  on  this  face.  The  direction  of  this  major  axis  and 
that  of  the  linear  schistosity  then  determine  the  basal  plane.  If 
the  schistosity  is  of  two  dimensions,  but  there  is  no  linear  orien- 
tation of  the  ciystals,  only  the  top  face  is  determined,  and,  if 
the  conductivity  depended  upon  the  structure,  we  would  expect 
to  find  equal  conductivity  in  all  azimuths  in  this  plane.  Hence 
the  directions  of  .4.  and  B  become  matters  of  indifference. 

With  our  schists  thus  set  up,  we  can  imagine  each  rock  cut 
into  the  shape  of  a  rectangular  parallelopipedon,  with  the  pina- 
coids  each  containing  two  axes,  and  then  we  may  use  the  term- 
inology' of  the  orthorhombic  system,  since  all  four  rocks  yielded 
heat  conductivity  ellipsoids  which  are  analogous  in  every  impor- 
tant respect  to  the  light  conductivity  ellipsoids  of  the  ortho- 
rhombic  system, — the  axes  of  elasticity  are  unequal,  are  rect- 
angular and  coincide  in  direction  with  the  three  rectangular 
crystallographic  axes  of  symmetry-. 

We  have  then,  in  general,  three  sections  to  work  upon:  the 
top  or  basal  pinacoidal  face  (containing  A  and  B)  shows  the 
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effect  of  the  linear  orientation;  the  end  or  inacropinacoidal  facel 
(containing  B  and  C)  shows  the  effect  of  the  sehiatosity ;  and*! 
the  aide  or  hrayhj'pinac'oidal  face  (containing  A  and  C)  shows  i 
the  effect  of  the  schistosity  superimposed  upon  that  of  the  linear 
orientation.    The  two  effects  were  found  in  all  eases  to  be  super- 
imposed in  the  same  sense, — to  have  the  same  sign.     However, 
HB  the  experiments  indicate  that  the  effect  of  structure  in  it.self 
is  zero  this  eoincidence  is  an  accidental  one  and  ia  to  be  espltiined 
in  terms  of  tlie  thermal  conductivities  of  the  constituent  minerals. 

Tire  ROCKS   INVESTIGATED  AND  THE  RESULTS  OBTAINED. 

Four  typical  metamorphic  schists  were  investijiated.  Each 
specimen  which  was  used  possessed  to  a  remarkable  degree  uni- 
formity of  distribution  of  niineralogical  eonstituents,  and  uni- 
formity in  the  strong  development  of  the  schistosity.  Each  rook 
will  lie  described  in  detail  later. 

At  the  temperature  of  the  melting  point  of  the  wax  (GS.G") 
C.  the  ratios  of  the  three  axes  of  the  triaxial  heat-conduotivity  . 
ellipsoids  were  found  to  be  as  follows:  ■ 

(Olxiervnd.)  (Computpd.J  I 

A  BIA         CIA  C/B    C/A-i-BIA         ^ 

Hornblende  schist  1.00  .942  .885  .901  .9*0 
GlauuophHne  sphiat  1.00  .961  .743  .769  .773 
Quartzose  sAUt  1.00         .906         .860         .947         .949 

Mka  scbisl  1.00         .894         .715         .808         .800 

(Fort  Wrangell). 
The  fifth  column  is  the  quotient  of  the  third  by  the  second 
and  should  equal  the  fourth  column. 

These  results  are  the  average  values  for  a  large  number  of 
observations,  and  a  few  words  as  to  their  probable  accuracy  are 
in  place  here.  There  is  no  doubt  that  each  individual  reading 
truly  represents  the  length  of  that  line,  measured  to  1/40  mm.. 
for  the  method  of  checking  results  showed  that  the  lengths  were 
being  nieasurt'd  accurately.  The  tube  was  racked  across,  read- 
ings were  taken  at  A  and  B,  fig.  7,  and  the  screw  was  given  an- 
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other  turn.  Then  the  motion  was  reversed.  As  the  lost  motion  of 
the  instrument  was  considerable,  readings  were  obtained  at  C 
and  D  which  were  numerically  different  from  those  at  A  and 
B.  If  the  two  values  of  the  differences  of  the  readings  agreed 
within  ten  units,  as  they  easily  did,  no  further  measurements 
were  taken  on  that  axis. 

It  was  found  in  the  early  stages  of  the  work  that  the  prob- 
able error  of  the  mean  of  a  number  of  observations  on  different 
figures  on  the  same  face  could  be  kept  under  one  per  cent.,  with- 
out taking  an  unreasonably  large  number  of  readings, — not  that 
the  homogeneity  of  the  rock  was  sufficient  to  give  the  same  results 
on  spots  a  few  cm.  apart,  but  the  mean  value  represents  the 
average  ratio  over  a  large  portion  of  the  specimen.  One  per 
cent.,  then,  was  set  as  the  limit  of  the  probable  error  of  the 
mean  value  of  any  one  ratio,  and  the  number  of  readings  w^as 
increased  where  necessary'  till  this  accuracy  was  obtained. 
Columns  4  and  5  of  the  table  show  that  this  intention  was  prob- 
ably realized. 

Senarmont,  working  with  the  largest  obtainable  monoclinic 
crystals,  said:  **Selten  sind  die  drei  Beobachtungen  einer 
solchen  Genauigkeit  fahig  dass  sie  einer  numerischen  Vergleich 
gestatten.''  But  his  material  was  not  always  satisfactory. 
With  a  good  specimen  of  calcite,  he  obtained  on  one  face  ten 
values  varying  from  1.09  to  1.19.  Such  is  about  the  range  ob- 
tained in  the  most  unfavorable  cases  by  the  writer.  The  end 
section  of  the  Wrangell  schist  yielded  19  results  varying  in  value 
from   773  to  .892.     The  probable  error  of  the  mean,  .808,  com- 

puted  bv  the  familiar  formula  / ^.6745-^/  V     ,  x^vas  .009. 

\n  (n— 1) 

A  rhombic  section  parallel  to  .4  of  the  same  rock,  yielded  as 
the  most  favorable  case,  seven  values  ranging  from  .810  to 
.835,  with  a  probable  error  of  the  mean,  .823,  of  .002.  Of 
course  the  term  probable  error  is  really  a  misnomer,  for  this  is 
not  a  case  of  measuring  the  same  quantity  a  number  of  times, 
since  neither  the  homogeneity  of  the  rock,  as  before  suggested, 
nor  its  uniformity  of  structure,  as  will  be  shown  later,  are  such 
as  to  lead  one  to  expect  the  same  ratios  at  all  points  of  any  one 
surface.   (A  fresh  crystal,  however,  might  be  expected  to  do  this.) 
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PETROORAFIIY  OF  TUK  SCmSTS. 

The  BamhlendiR  Schist. — This  rock  comes  from  Yiim-Tuni  i 
Lake  in  the  Rtiiny  River  Distriet,  Ontario,  Canada.  Under  the 
mieroseope  it  waa  the  only  one  of  the  four  schists  whose  sim- 
plicity of  structure  was  such  as  to  ennble  a  satisfactory  deduc- 
tion of  heat-eoiiduotivity  ratios  from  a  knowledge  of  the  struc- 
ture, and  of  the  thermal  conductivities  of  the  constituent  min- 
erals. 

The  rock  is  entirely  eryatalliue,  The  srtnicture  corresiKtndB 
to  the  allotriomorphic  granular  of  i^rneous  rocks.  Foliated  strue- 
ture  is  well  developed.  Quarts  (.x)  is  the  only  mineral  that 
shows  the  results  of  dynamic  met^inorphism  well  developed, 
and  even  here  wavy  extinction  is  not  prevalent.  I 

The  constituont  minerals  are: — hornblende,  quartz  (s), quart!  < 
iy),  oi-lhoclfwe,  aeid  plagioelasf,  epidote,  titanite,  apatite,  mag- 
netite, hematite. 

The  tendency  toward  idiomorphisni  of  the  constituent  min- 
erals decrefls's  in  the  same  order  as  in  thoae  igneous  rocks  in 
which  the  normal  order  of  erystjillizntion  is  followed.  Thus  in 
the  order  of  stronply  developed  idiomorphism  come  (1)  apatite, 
(2)  magnetite,  (3)  titanite,  (4)  hornblende,  (5)  the  others. 

Three  slides  of  the  hornblende  schist  were  made,  parallel 
respectively  to  the  bottom,  side  and  end  of  the  rock. 

The  hornblende  makes  up  probably  a  irood  one-third  of  the 
rock  as  judged  from  the  slides.  The  idiomorphie  character  is 
not  very  well  marked.  The  prism  faces  and  the  clino-pinacoid 
are  fairly  well  developed;  in  the  case  of  the  former,  this  may 
be  due  to  the  well-marked  cleavage  rather  than  to  any  strong 
idiomorphie  tendency.  The  habit  is  elongated  parallel  to  c. 
The  pleoehroism  is  very  marked.  The  colors  are:  S — light 
•brown  or  yellow;  b — dark  brownish  black  or  greenish  black; 
C— sea  green  (if  very  tbiii)  to  black.     Absorption— t)  =0  8. 

The  hornblende  shows  a  remarkable  uniformity  of  crystallo- 
graphic  orientation.  The  paralleli.sm  of  the  longer  axes  could 
be  seen  macroseopically,  and  since  the  habit  is  elongated  parallel 
to  c  in  every  case,  all  c  axes  are  parallel.  The  bottom  and 
side   rock  sections  but  rarely  showed   any  prismatic  cleavage. 
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The  end  section  showed  well  developed  prismatic  cleavage  in 
nearly  every  specimen.  Here  none  of  the  minerals  were  cut 
even  approximately  parallel  to  c.  The  acute  prismatic  angle 
varied  but  little  on  either  side  of  56°.  The  longer  diagonals  of 
the  cleavage  parallelograms  of  the  sections  were  roughly  parallel 
to  b.  The  uniformity  of  the  orientation  was  not  as  marked  as 
that  of  the  c  axes  in  the  bottom  or  side  sections  *of  the  rock,  but 
it  was  strongly  developed. 

The  orientation  of  those  basal  sections  v/hich  were  devoid  of 
the  traces  of  the  prismatic  cleavage  was  readily  determined  by 
the  pleochroic  colors.  In  fact,  the  whole  scheme  of  orientation 
was  first  worked  out  independently  by  means  of  the  pleo- 
chroism,  then  by  means  of  the  cleavage. 

The  arrangement  of  the  other  minerals  follows  no  law.  If 
the  hornblende  were  eliminated  from  the  rock,  there  would  be 
no  reason  why  the  wax  figures  should  vary  from  the  circle. 
And  the  smoothness  of  the  circle  would  be  marked  because,  in 
general,  the  crystals  are  so  small  that  their  heterogeneously 
arranged  variations  in  conductivity  could  not  seriously  affect 
the  outline  of  the  circle. 

The  relative  thermal  conductivities  of  the  rock  are  very 
satisfactorily  explained  by  taking  account  of  the  relative  con- 
ductivities of  the  hornblende. 

These  are  1.00 :  .71* :  .80*-. 

The  first  number  is  for  an  axis  which  very  nearly  coincides 
with  c;  the  third  is  for  an  axis  parallel  to  6,  and  the  second 
is  perpendicular  to  these  two. 

If  we  assume  one-third  of  the  rook  to  be  hornblende,  or  im- 
agine the  whole  rock  to  be  one  large  cry^stal  of  a  hornblende  in 
which  the  differences  in  thermal  conductivities  have  been 
diminished  by  two-thirds,  we  would  have  a  ratio  of 

1.00: 1.00— (1.00— .7P)  /3:  1.00— (1.00— .80-)  /3. 
This  yields  a  crude  approximation  to  the  values  we  should  find. 
The  ratio  reduces  to  1.00:  .9l4'-:  .938-.  The  rock  shows  a 
ratio  of  1.00:  .885^:  .942-  for  directions  which  nearly  coin- 
cide with  those  of  the  hypothetical  hornblende  cr^^stal.  The 
coincidences  of  the  second  members  is  not  remarkable,  but  that 
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of  ihe  third  is.  If  thiw  explanation  ia  the  cdtrect  one,  then  the 
tticrmnl  eonductivity  of  this  rock  is  vpry  definitely  merely  the 
intecrnted  rffect  of  tlie  tlierinHl  ooiiducti cities  of  its  constita- 
cut  niincrals,  and  the  stnieture  of  itself  is  of  no  consequence. 

A  brief  description  of  the  other  confltituent  minerals  of  the 
rock  ia  essential  in  order  completely  to  individualize  it. 

Quartz  (x)  occurs  in  large  lenses  in  large  fragments.  A 
erosa  section  of  these  lenses  may  be  as  inueh  as  .2  by  3.0  eui. 
The  individual  fragment*  show  no  unifonuity  of  orientation, 
and  some  of  them  show  a  greatest  dimension  of  .3  cm.  A  was 
figure  that  covered  a  part  of  aueh  a  large  fragment  would  natur- 
ally be  nnsym metrical.  The  non -uniformity  of  orientJilion  of 
the  fragjtient.s  ijf  thew  lenses  is  shown  by  the  diagram  fig.  8, 
the  retnilt  of  a  few  minutes  of  work  with  the  quartz  wedge.  The 
interference  color  shows  how  nearly  the  axis  of  elasticity  ia  per- 
pendicular to  the  section,  and  the  line  shows  the  projection  of 
this  axis  on  the  plane  of  the  section. 


V. 


yello^.ifi  ^h,fr     ,nd,^o      ,nd,yo      white     y/  i/ue    orange,     orange 
Fio.  8. 

The  quartz  (y)  and  the  feldspars  give  the  rock  its  uniform 
allot riomorphic  granular  character.  There  is  little  variation  in 
size  of  the  grains.  Albite  twins  are  scarce  but  not  rare.  The 
extinction  angles  of  the  twins,  measured  from  the  traces  of  the 
planes  of  composition,  are  low.  This  latter  fact  aud  the  uniform 
gray  blue  tints  of  the  feldspars  indicate  the  absence  of  any  pla- 
gioclase  more  basic  than  oligoclase  or  andesiue.  If  we  remember 
that  in  non-igneous  rocks  the  albite  twins  of  the  feldspars  need 
not  be  well  developed,  we  find  it  inipo.ssible  to  separate  the  feld- 
spara  into  orthoclases  and  plagioclases.  Quite  a  few  carlsbad 
twins  are  present,  however,  and  these  tell  us  something. 

The  quartz  makes  up  about  %  of  this  aggregate  of  feldspar 
and  quartz.     It  is  easily  recognized  by  its  yellow  interference 
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tints  and  such  identifications  are  always  corroborated  by  the 
characteristic  undecomposed  faces  and  by  the  Becke  test. 

The  titanite  is  very  uniformly  and  plentifully  distributed  in 
small  rounded  or  rhombic  shaped  sections. 

The  epidote  occurs  in  small  fragments  very  sparingly  distrib- 
uted. 

The  apatite  is  very  abundant  in  small  idiomorphic  crystals. 

The  magnetite  is  all  in  fairly  large  grains.  One  cross-section 
shows  a  maximum  diameter  of  over  1  mm. 

The  hematite  occurs  in  a  few  blood-red  blotches. 

Broad  zones  of  strongly  developed  kaolinization  permeate  the 
rock.  There  are  no  fissures  obsers^able  along  these  zones  and  the 
reason  for  their  presence  is  not  apparent. 

The  Glaucophane  Schist. — This  is  a  local  schist  from  Berke- 
ley. The  rock  is  wholly  crystalline.  The  structure  corresponds 
to  the  allotriomorphic  of  the  igneous  rocks.  Foliated  structure  is 
well  developed.  The  constituent  minerals  are: — glaucophane, 
lawsonite,  acid  feldspars,  and  epidote. 

Glaucophane  makes  up  over  80  per  cent  of  the  rock.     The 

habit  is  elongated  parallel  to  c.  C:c  is  less  than  6  degrees.  The 
optical  orientation  is  very  easily  determined  by  the  pleochroic 

colors      These  are  as  follows:   C — skv  blue  to  ultramarine  blue: 
b — reddish  or  bluish  violet;   B, — yellowish  to  colorless  (white). 
The  individual  crj^stals  are  small.    The  bottom  slide  contains 

C  of  every  crystal  and  B,  and  b,  or  components  of  both  promis- 
cuously. Thus  with  the  upper  Nicol  out,  the  tint  of  the  rock  as 
a  whole  varies  uniformly  as  the  field  is  rotated. 

The  side  and  end  slides  show  a  parallelism  of  the  traces  of 
the  c  axes,  but  the  axis  itself  may  lie  in  the  plane  of  the  slide 
or  make  any  angle  with  it.  Thus  many  sections  show  the  pris- 
matic cleavage,  many  sections  contain  a  and  C,  many  contain 

b  and  C. 

The  structure  of  the  glaucophane  in  the  rock  is  then  appar- 
ently as  follows: — all  the  longer  axes  (c)  lie  in  planes  parallel 
to  the  bottom  of  the  rock;  in  each  plane  the  c  axes  point  in  all 
azimuths  indifferently.  There  is  no  uniformity  of  orientation  of 
a  and  b  whatever. 


Then  in  tlie  table  on  page  21(5  we  wonld  expect  to  find  under 
the  plaucophdiK-  whist  that  It/A=--\. 00,  and  that  C/A=C  B. 
But  B/A  as  nifftRui-ed  on  one  face  eives  .961 ;  and  computed  from 
the  two  other  face«.C/A--C/B=B,'.4— 743/.769=.966. 

The  lawsoiiite  in  the  rock  may  explain  this  discrepancy.  Thia 
mineral  nwikes  up  from  5  to  30  per  cent  of  the  roek.  It  gives 
the  rock  a  tendency  toward  gneissic  structure,  some  portions 
being  almost  free  from  it,  others  very  lai^ely  composed  of  it. 
The  rot'k  slide  parallel  to  the  end  shows  elongated  sections  with 
both  C  ami  b  parallel  to  the  elongation,  and  also  parallel  to 
The  side  slide  shows  more  nearly  square  sections;  they  are 
as  uniformly  oriented,  nor  are  they  as  numerous. 

The  base  shows  very  much  albite  and  all  kinds  of  orientation 
of  the  lawaonit*.  Of  the  latter  most  sections  are  elongated,  and 
C  is  always  perpendicular  to  the  elongation. 

No  data  are  available  for  the  thermal  conductivity  of  either 
glaiicophane  or  lawsonite.  If  the  glaucophane  were  the  only 
constitueut,  we  might  work  backward  and  get  a  general  idea  of 
the  relative  thermal  conductivities  of  this  mineral.  As  it  is. 
the  study  of  this  roek  is  of  no  value  for  our  work.  Hoivever, 
it  throws  auiae  furthei'  light  oa  tht:  utcucture  of  schiiits,  and 
strengthens  the  idea  that  the  structure  of  the  rock  in  itself  has 
no  effect  upon  the  elasticity  of  the  ether  in  different  directions, 
but  that  the  thermal  conductivity  of  the  roek  is  the  sum  of  the 
thermal  conductivities  of  the  constituent  minerals. 

The  Quartzosc  Schist  (Whetstone). — This  rock  is  used  as  a 
whetstone.  It  comes  from  Telemarken,  west  of  Laurdal,  Nor- 
way. The  constituent  minerals  are  muscovite,  quartz,  calcite, 
magnetite,  and  biotite. 

In  the  bottom  and  side  slide  the  quartz  appears  in  uuelon- 
gated  grains.*  There  is  no  uniform  orientation,  as  is  seen  by 
all  heights  of  interference  colors,  and  all  orientations  of  the 
axes  of  elasticity.  The  quartz  nearly  all  shows  a  stepping  of 
the  colors  with  the  Nicols  crossed.  This  is  due  to  the  angular 
nature  of  the  fragments.  In  addition  to  this  evidence  of  hard 
usage,  the  quartz  shows  conditions  of  strain  at  present.  It  appar- 
ently makes  up  over  70  per  cent  of  the  rock. 
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In  both  of  these  sections  the  calcite  appears  in  elongated 
rectangular  sections  parallel  to  the  pencil  structure  of  the  rock, 
but  making  various  extinction  angles  with  this  direction,  as  in 
fig.  9. 


5-£=-=5^ 


Fig.  9. 

The  muscovite  is  very  abundant,  filling  in  the  spaces  be- 
tween the  quartz.  Some  sections  lie  in  the  planes  of  these  two 
slides,  others  are  apparently  on  edge;  still  others  occupy  inter- 
mediate positions.  These  two  sections  would  indicate  the  pres- 
ence of  15  per  cent  of  muscovite. 

The  end  section  presents  an  entirely  different  appearance. 
The  quartz  grains  seem  much  more  numerous  and  closely  packed, 
none  of  them  being  masked  by  muscovite.  The  muscovite  here 
appears  as  foliae  interstitial  between  the  quartz,  and  forming 
a  network  of  red,  green  and  violet  **Fisseln,"  as  seen  under 
crossed  Nicols.  None  of  the  characteristic  elongated  sections  of 
calcite  appear  here. 

Summary  of  the  structure  of  this  rock : 

The  muscovite  occurs  in  minute  flakes  whose  planes  are 
always  perpendicular  to  the  end  section  of  the  rock.  Without 
checking  by  chemical  analysis  and  mindful  of  the  deceptive 
masking  power  of  muscovite,  we  may  assume  it  to  make  up  6  to 
8  per  cent  of  the  rock. 

The  quartz  makes  up  90  per  cent  of  the  rock  and  in  those 
few  sections  which  show  one  greater  dimension  of  the  fragments 
these  are  generally  parallel  to  ^1  of  the  rock.  But  this  dimension 
has  no  relation  to  any  axis  of  elasticity  of  the  quartz. 

The  calcite  occurs  in  pencil  shaped  forms  with  the  ratio  of 
dimensions  about  4:1 :1.  x\ll  the  long  axes  are  parallel.  It  shows 
evidences  of  strain.    It  constitutes  about  1  per  cent  of  the  rock. 

A  few  flakes  of  biotite  occur,  also  a  few  grains  of  magnetite. 

A  single  case  of  polysynthetic  albite  twinning  was  observed. 


•Cf.  Rosenbusch 's  Gesteinslehre,  p.  501. 
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This  rock  is  then  again  unsatisfactory  for  making  nnmerieal 
compRrisons.  One  would  from  this  expect  the  beat  conductivity 
ellipsoids  to  be  nearly  spberes. 

The  Wrangell  Mica  Schist. — This  rock  comes  from  the  Stic- 
keen  River  District  in  Alaska.  Lar^e,  perfect  crystals  of  andra- 
dite"  occur  plentifully.  The  sehistosity  of  the  rock  is  due  mainly 
to  the  uniformity  of  orientation  of  the  mica  plates.  The  frac- 
ture is  roufihly  undulatory,  not  planar,  and  is  pood  at  as  widely 
different  directions  as  those  represented  by  11  and  12  of  the 
figure.  Almost  any  section  perpendicular  to  .4  shows,  when  pol- 
ished, beautiful  mica  spangles.  Especially  is  this  so  of  the  bottom 
section. 

TTnder  the  microscope  it  is  seen  that  the  micas  lie  with  their 
basal  planes  within  15°  on  either  side  of  B.  Hence  slide  14  and 
slide  10  (in  the  plane  of  the  paper)  show  cleavage  and  pleoehro- 
ism  in  most  sections.  The  cleavages  are  parallel  enough  here  to 
give  the  rock  a  uniform  tint,  and  one  which  changes  very  decid- 
edly as  the  stage  is  rotated;  the  pleochroism  is  very  marked  and 
th^  absorption  strong.  The  pleocbroic  colors  are  dark  red  brown 
parallel  to  the  cleavage  and  colorless  to  very  pale  grayish  brown 
perpendicular  to  the  cleavage.  The  basal  sections  show  slight 
pleochroism.  The  extinction  angle  is  uniformly  very  near  zero. 
The  mica  makes  up  a  large  part  of  the  rock. 

Sillimanite  is  very  plentiful  in  slides  14  and  12  as  though 
its  distribution  were  roughly  planar  also.  The  needles  are  so 
extremely  fine  that  they  defy  detection,  generally,  if  they  occur 
in  cross  section.  They  occur  in  long  attenuated  crystals,  often 
grouped  radially.  Their  occurrence  seems  to  be  governed  in 
some  way  by  the  presence  of  the  mieas.  The  index  of  refraction 
is  very  high,  as  compared  to  quartz  by  the  Becke  test,  and  the 
dark  total  reflection  borders  generally  meet  and  mask  the  color. 
On  some  crystals,  however,  it  can  be  seen  that  the  color  varies 
from  colorless  to  a  very  definite  pale  green  or  bluish-green.  A 
protracted  search  showed  transverse  cracks  in  only  three  of  the 
needles.  The  birefringence  is  quite  high,  as  even  these  fine 
needles  affect  the  interference  color  of  quartzes  lying  in  the  same 
vertical  plane.    The  extension  is  positive. 

•  Cf.  analysis  by  A.  S.  Kuntae.    Dana's  Syatem  of  Mint-ralogj,  p.  444. 
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The  quartz  is  very  abundant.  It  occurs  in  small  <?rains  whose 
angular  character  is  well  brought  out  by  the  steppino:  of  the 
interference  colors.  It  is  full  of  dark  spots  and  fine  inclusions 
the  latter  largely  apatite.  Feldspars  are  very  rare.  A  few  ortho- 
clases  and  acid  plagioclases  were  found. 

Apatite  occurs  plentifully,  both  as  inclusions  in  quartz  and 
as  fairly  large  crj^stals  between  the  quartzes. 

The  magnetite  is  ver\'  plentiful  in  small  grains,  usually  asso- 
ciated with  decomposed  micas.  Pyrite  occurs  irregularly.  In 
a  few  places  half  of  the  field  is  pyrite.  It  seems  here  to  be  occu- 
pying the  place  of  micas  too,  though  the  latter  contain  no  sul- 
phur. Hematite  and  titanite  occur  rarely.  A  few  large  sections 
of  clinochlore  w^ere  found. 

The  axes  of  the  wax  figures  gave  results  of  1.000 :  .894 :  .715. 
It  is  manifestly  impossible  to  tie  these  results  down  numerically 
to  the  known  thermal  conductivities  of  the  constituent  minerals. 
The  undulatorj'  fracture  indicates  that  no  results  of  any  value 
for  our  work  can  be  obtained.  The  presence  of  small  garnets 
and  local  impoverishments  due  to  their  formation  points  in  the 
same  direction.    The  numerical  results  checked  more  poorly  than 


Fig.  10. 


for  any  other  rock,  necessitating  the  reading  of  several  dozen 
ellipses  on  one  face  to  get  the  probable  error.  Thus  (fig.  10)  read- 
ings on  the  face  jj  reduced  to  100:  79.7  for  .1 :  v ;  and  on  tht^  face 
jr  reduced  to  100:  86.9  for  A:  x.  But  on  the  face  perpendicular 
to  .1  the  values  were  100 :  80.8  for  B :  C.     If  we  constnict  an 


ellipHi>  with  iiifljnr  and  minor  axw  10(1  nnd  Hfl.S  and  take  B:y=^ 
30"  and  B:x=2V.  the  equation  of  the  ellipse  (rives  as  that 

,78  J  Jf  cog  30°*  '  ,     ,79jl  K^Bin  30"*  '_ 
\  100      "    J   "*"  \         ^BO.8  '         ' 

and 

/W.8  if  goa  20° V '  ,    <86.8  K"  tin  ao°*'_  , 
^  100  '    "^  \  80.8  ■*         ' 

ff  is  the  aame  in  both  equations.  Solving  the  flrst  equation  we 
^t  H'^1.18.  Solving  the  §eeond  etgiiation  we  get  K"^1.12.  The 
two  values  do  not  check  satisfactorily,  and  emphamze  the  conchi- 
Kion  arrived  at  from  &  misoroscopic  study  of  the  rock  stmctnre. 
namely,  that  it  is  wiser  not  to  draw  any  com'hisions  from  the 
study  of  this  specimen. 


University  of  California, 
May,  1905. 
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INTRODUCTION. 

Mineral  King  is  situated  on  the  headwaters  of  the  East  Fork 
of  the  Kaweah  River  near  the  western  crest  of  the  southern 
Sierra  Nevada.  This  portion  of  the  ranjre  is  known  as  the  Ilijrh 
Sierra,  and  is  preeminently  distinguished  by  the  sharply  serrate 
character  of  its  profiles  and  the  vast  assemblage  of  lofty  peaks. 


Of  thesp  ijoDP  illijatrnle  more  inipr<?Ssively  the  peculiar  felicity 
of  the  terni  "Sierra  Nevada"  than  does  Sawtooth,  under  whose 
shadow  Mineral  Kin^  lies.  Mineral  Kintr  occupies  very  nearly 
till-  north  center  of  «  narrow  belt  of  sedimentary  rocks,  now 
umrv  or  \p>»  schistose,  some  14  miles  lon^  and  2  miles  wide,  and 
striking  N.N.W.  This  area  of  stratified  rocks  represents  an 
isolated  remnant  of  the  eitensive  tt^rraiie  into  whit^  the  Sierran 
batholithic  manias  were  intrusive  during  Meaozoic  time.  The 
hypsometric  relations  disclose  the  fact  that  the  schists  are  deeply 
sunk  into  the  irranites,  and  make  it  obvious  that  their  preser\'a- 
tioM  is  in  large  part  due  to  this  favoring  circumstance.  The 
belt  haa  been  strongly  mineralized,  whence  its  name,  and  has 
invited  a  large  amount  of  prospecting,  but  exploitation  has  not 
proved  profitable.  The  region  was  traversed  by  Professor 
liBWRon  in  his  physiographic  reconnaissance  of  the  upper  Kern 
Basin,  and  its  salient  features  outlined  and  discussed  in  concise 
rorm.  It  was  suggested  by  him  to  the  writers  as  an  interesting 
Held  for  more  detailed  study,  especially  in  regard  to  its  contact 
phenomena  and  its  stratigraphy.  We  wish  here  to  express  our 
sincerest  acknowledgments  of  his  ever  ready  help  and  encour- 
agement. 

GEOMOBPIIY. 

The  portion  of  the  region  with  which  we  are  here  concerned 
cannot  be  said  to  constitute  a  geomorphie  unit.  In  its  longi- 
tudinal extent  it  embraces  a  linear  succession  of  strike  valleys, 
whose  profiles  show  the  glacial  U-shape  in  splendid  development. 
The  tributary  streams,  heading  invariably  in  rock-riniiDed 
lakelets,  drain  aevass  the  upturned  edges  of  the  strata,  and 
cuter  Ibc  niaiu  valleys  by  series  of  waterfalls,  often  several  hun- 
di'ed  feet  high.  This  lack  of  adjustment  between  master  streain 
;iud  latenil  drainage  is  particularly  well  exemplified  by  the 
valley  In  which  Miiicnil  King  is  situated.  This  valley  is  broad 
and  Hat-bottomed  in  its  lower  extremity,  its  walls  are  sheer,  and 
have  shed  sufficient  talus  to  yield  a  U-profile  of  ideal  perfec- 
tion. The  Hoof  of  the  valley  is  built  up  of  glacial  debris. 
throu!;b  which  the  stream  meanders  in  short  tortuous  curves, 
at  jtn  average  grade  of  a  hundred  feet  to  the  mile.     Just  beloff 
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Mineral  King:,  the  Kaweah  suddenly  swings  through  90"^  and 
commences  its  rapid  descent  down  the  western  flank  of  the 
Sierra  Nevada  at  a  rate  exceeding  600  .feet  per  mile.  These 
various  physiographic  features  are  readily  disceniible  upon  the 
contour  sheet,  and  hardly  need  comment. 

The  relief  of  the  region  is  exceedingly  bold  and  nigged, 
varying  from  a  maximum  of  12,405  on  Florence  Peak  to  6,500 
feet  on  Cliff  Creek,  or  over  a  mile  in  altitude.  The  crest  lines 
are  fierce  and  jagged,  and  consist  characteristically  of  huge 
angular  spauLs  of  rock  recumbent  in  various  luistable  attitudes, 
like  a  chaos  wrought  by  the  play  of  titanic  forces.  They  are 
impressive  evidence  of  the  vigor  and  destructive  intensity  with 
which  weathering  progresses  on  alpine  heights.  Products  of 
secular  decay  are  nowhere  present. 

Great  talus  heaps  mantle  the  bases  of  the  cliffs.  These  ac- 
cumulations vary  in  character  with  the  lithologic  habits  of  the 
parent  cliff:  the  schists,  quartzites  and  plutonic  intrusives  yield 
irregular  confused  aggregates  of  large  angular  blocks  of  widely 
varying  sizes;  the  clay  slates,  on  the  other  hand,  encumber 
enormous  slopes  with  fresh  and  unaltered  debris  which  is  uni- 
formly of  the  size  of  a  fist. 

Occasionally  deep  sand  slopes  are  developed.  The  produc- 
tion of  these  within  this  area  seems  to  be  determined  by  petro- 
graphical  influences.  The  sand  consists  of  the  loose  accumula- 
tion of  fragments  of  disintegrated  granite,  often  up  to  the  size 
of  a  walnut,  and  grains  of  quartz  and  feldspar  which  still  pre- 
serve their  pristine  freshness. 

Characteristic  acciunulations  occur  at  Sawtooth  Peak,  whore 
the  granite  pos.sesses  a  striking  individunlity.  This  granite  is 
a  coarsely  granular  aggregate  of  ((uartz  and  oi-t hoc la.se,  with 
ver\'  small  amounts  of  hornblende  and  biotite.  The  quartz 
occurs  typically  as  anhedrons  of  the  size  of  peas  uniformly 
scattered  throughout  the  rock.  The  sand  slopes  are  limited  to 
this  particular  variety  of  granite,  and  it  is  significant  in  this 
connection,  that  the  quartz-mica-diorites,  which  are  rocks  of  firm 
and  closely  coherent  texture,  do  not  yield  sands  under  the  same 
<jonditions,  but  produce  great  talus  heaps. 


Vnivrn-^ty  of  Citllf-, 


i  I'ltbUtalioM.  |OBot««i»-| 


On  the  gmnites  west  of  VaiidfviT  Mt.  ia  a  platt-aii  siirfa«t'| 
whoRt  profile  uffaitut  Hie  nky  Hne  ftbnws  miioothly  flowing  lines- 1 
mcnts.  iind  wliidi  rfpKesents  IJip  nearly  oblitemtwl  remnnittti  ou 
iHi  carlii-r  trtimiorphip  cycle. 


ULACLATION, 

KfoUition  of  the  Topography, — The  region  bears  abundant 
e%ndene*'  of  a  fomur  severe  alpine  frlnnntioD,  which,  ncvi;rthe- 
Iciw.  mitsl  be  regarded  ns  having  been  of  comparatively  limited 
duration.     There  is  a  Eeneral  absence  of  well-defined  terminal  I 
nioraines.     A  heavy  deposit  of  lateral  mnrainie  mnleriul  flanks  ' 
the  went  wall  of  Mineral  King  valley  some  SOO  feet  above  tU 
lloor.     II«tf  H  mile  below  Mineral  King  atriations  show  that  the 
jjlacier  was  not  lew  than  1,000  feet  thick.     At  the  couflnenee  of 
Dwr  and   Cliff   Creeks   is  a   great   medial   moraine   con><i<<ting 
nhnast   wholly  of  tingular  blocks  of  quartz  diorite,  which  has 
iihifted  the  junction  of  the  trihutai-y  cxtnsiderably  down  stream 
along   Cliff  Creek.     The  evidence   from   the   character  of   tli»l 
morainic  material  indicates  that  the  tributary  tinnier,  ha\*itig  bat 4 
a  fpeblf  PBtehment  area,  receded  In-fore  the  main  glaeicr  nf  Cliff 
Creek  eonimeneed  to  wane,  which  then  dammed  up  the  mouth 
of  its  itfllueiit.     Toward  the  head  of  Cliff  Creek  not  more  than 
a  i|ii"iter  of  a  oiilf  from  the  einpie  a  low  cmbanknient  of  loose 


blocks 


i  the  eafmn  froi 


all  to  wall.     This  is  the 
(,'  within  the  confines  of 


^appearance  of  glacial  condi- 
1  of  highly  polished  surfaces 


an  ^n  liar 

only  typical  lenriinal   timriiine  occ 

\\v  rcgi.m  under  discussion. 

The  extrciue  recency  of  the  di 
tions  is  shown  by  the  prcservatio 

upfin  exiMKwd  granites,  and  of  groovings  and  striations  ujron 
soft  schists,  and  perhaps  still  more  emphatieally.  by  the  insig- 
nificant amount  of  post-glacial  stream  erosion.  This  latter  has 
limited  itself  tc)  a  slight  notching  of  the  canon  bottoms,  but  has 
not  yet  advanced  far  emmgli  to  roniove  the  veneer  of  1,'larial 
material  fi-oni  the  floor  of  Mineral  King  valley. 

The  glaeiation  has  left  its  profound  impress  upon  the 
geomorphic  configuration  of  the  region :  in  the  production  of 
numerous  amphitheatres  and  encircling  arretes:  in  the  formation 
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of  strings  of  rock-rimmed  lakelets,  and  in  the  development  of 
splendid  U-shaped  valleys.  The  ideal  character  of  the  U-profile 
of  the  main  valleys — Cliff,  Mineral  Kin^  and  Little  Kern,  has 
been  alluded  to  and  the  strong  discordance  between  lateral  and 
main  drainage  pointed  out.  This  lack  of  stream  adjustment  is 
all  the  more  remarkable  when  considered  in  the  li^ht  of  the 
Pleistocene  histor>'  of  the  range.  The  post-Pliocene  uplift  tilted 
the  Sierra  Nevada  orographic  block  to  the  west,  the  upheavnl 
in  this  portion  of  the  range  being  not  less  than  10.000  feet,  and 
has  thereby  enormously  accentuated  the  grade  of  the  westward- 
flowing  streams.  The  drainage  is  still  in  the  early  consecjuent 
stage,  and  the  trunk  streams  have,  in  other  portions  of  the  range, 
cut  below  their  meridional  tributaries  and  left  them  hung  up.  At 
Mineral  King,  however,  the  orientation  of  the  hanging  valleys  is 
irregular  and  unsystematic.  Deer  Creek — a  strike  stream  erod- 
ing on  clay  slates  and  flowing  north — is  in  poor  adjustment  to 
Cliff  Creek,  a  stream  flowing  westward  on  granites.  The 
streams  heading  respectively  in  Monarch,  Ciystal  and  Silver 
Lakes,  and  plunging  down  to  the  Kaweah  at  an  average 
rate  of  1,800  feet  to  the  mile  across  the  upturned  edges  of  the 
schists,  afford  strong  examples  of  hanging  valleys.  The  two 
tributaries  from  the  western  side  of  the  valley  of  Mineral  King 
have  not  yet  succeeded  in  even  gashing  its  wall.  The  valley  in 
these  discordant  relations  to  its  lateral  feeders  is  a  strike  vallev 
for  the  greater  part  of  its  length.  Above  its  abrupt  bend  to 
the  west,  it  can  be  divided  into  two  approximately  equal  i)or- 
tions,  a  lower  portion,  which  is  veneered  with  glacial  debris, 
broad,  flat-bottomed  and  of  remarkable  easy  grade  in  spite  of  its 
high  altitude  (7,800  feet)  ;  and  an  upper  portion  extending  to 
Farewell  Gap,  incised  by  post-glacial  erosion,  steeply  grade^d. 
but  showing  to  some  extent  the  step-like  i)r()gressi()n  eharaetcr- 
istic  of  the  lateral  valleys.  The  transition  between  the  two  por- 
tions is  relatively  abrupt,  and  is  coincident  with  the  entrrinee  of 
two  lateral  hanging  valleys — Silver  Lake  on  the  ea.stern  side,  and 
White  Chief  on  the  western.  Below  Mineral  King  the  valley 
cuts  across  the  slates  and  schists  into  the  granite,  but  does  not 
change  its  essential  character,  except  that  it  becomes  broader. 


Below  the  lower  limit  of  leUciatioii — tlii'  7,00fl-foot  mnt«iii 
awiiim<!s  a  stroncly  cousequKnt  chamcter,  beaming  V-shaped 
and  tukini;  on  a  grade  of  SOO  feet  to  the  mile.  It  is  therefore 
I'vidi'iit,  M  an  observational  fact,  tliat  a  valley  of  strongly 
iriarked  individuality  has  beeii  cai-ved  out  coincident  with  the 
len^-th  of  the  ice  Htreain.  and  that  its  evolution  has  been  inde- 
pendent of  litholopc  control,  inaamiieh  as  its  distinctive  features 
are  found  cfnially  well  developed  in  finn  unweathered  eranite. 
and  across  the  strike  of  slates  as  well  as  along  their  uptumod 
edgres. 

The  Little  Kern  River  is  bordered  by  high  hangintr  valleys 
in  its  iipiwr  region,  but  immediately  below  the  lower  limit  of 
t^lacintinn,  the  lateral  streams  are  in  complete  ae^-ordance, 
uotahly  the  Shot^n  and  the  Kifle,  To  sum  up.  the  hanging 
valleys  do  not  hIiow  any  sj'Htvmntie  arrantfemeiit  such  ajt 
be  pn)diieed  by  seleetive  or  differential  erosion,  or  by  faultJn) 
bnl  iti-e  inseparably  associated  with  the  evidencea  of  glacial 
eupation. 

The  lateral  valleys  consist  of  a  series  of  irregular  steps, 
sueeessive  treads  of  which  are  usually  oecupied  by  rock-rininied 
lakeletx.  These  lakes  do  not  owe  their  origin  to  morainal  dams, 
!)ut  fill  basins  eroded  out  of  the  solid  pranite.  Their  depth  is 
siiiiill,  perhaps  never  exceeding;  30  feet.  Some  few  have  lieeoiiie 
silted  up,  triviuK  rise  to  beautiful  parks  throufih  which  tlie 
mountain  sireaius  wind  Icisurelj'.  The  uppermost  lake  always 
<K'CUl»ies  the  cireular  basin  of  the  amphitheatre  at  the  crest  of  the 
nnijrc:  the  succeeding  lakes  are  separated  by  differences  in  alti- 
tude of  several  hundred  feet,  and  are  invariably  situated  at  the 
foot  of  the  abrupt  changes  of  elevation.  The  tarns  are  not  eon- 
fined  exclusively  to  the  pranitie  rocks,  but  occur  also  upon  the 
sedimentary  rocks. 

In  a  tuuuber  of  instances  eirtpies  have  been  evolved  partly  in 
fjrauite  and  partly  in  the  sediment  an-  series,  notably  at  Monarch 
Lakes.  Crystal  Lake.  Silver  Lake,  the  lakes  S.W.  of  Florence 
Teak,  White  Chief  and  at  Eajrle  Lake,  and  it  is  a  noteworthy 
fact  tliiit  ill  each  case  the  symmetry  of  the  amphitheatre  has  in  no 
way  been  impaired  or  diminished.     (See  Plate  28.)     A  curious 
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feature,  whose  significance  is  not  entirely  plain,  is  the  tendency 
of  the  lakelets  near  the  head  of  any  lateral  valley  to  associate 
in  pairs,  of  which  the  lower  is  the  complete  analogue  of  the 
upper;  see  especially  Monarch  and  Florence  Lakes. 

Ei^idence  as  to  Mechanics  of  Glacial  Erosion. — The  tributary 
glaciers  have  not  evolved  the  perfect  U-profiles  so  characteristic 
of  the  main  drainage  lines,  but  are  more  of  the  nature  of  broad 
and  relatively  shallow  troughs.  The  troughs  upon  the  western 
flank  of  Mineral  King  are  flat-bottomed,  of  few  steps  of  long 
tread,  and  of  nearly  horizontal  floor.  On  the  eastern  side  the 
treads  are  shorter  and  more  numerous,  and  the  floor  less  regular 
and  often  approximating  a  V-shape.  This  V  is  not  of  post- 
glacial origin,  but  is  grooved  and  striated  in  its  upper  portion, 
thus  testifying  to  the  efficiency  of  the  subglacial  streams.  Every- 
where are  abundant  evidences  of  the  extreme  recency  of  the 
glacial  evacuation  of  the  region.  It  is  as  if  the  ice  had  ceased 
its  activity  yesterday,  and  had  left  incomplete  the  work  it  had 
inaugurated. 

The  lateral  valleys,  particularly  that  of  Monarch  Creek, 
illustrate  in  no  uncertain  way  the  mechanics  of  the  processes 
concerned  in  their  evolution.  The  sides  of  the  vallevs  consist 
of  an  ascending  series  of  stopes,  like  the  benches  of  a  quarr\% 
spreading  laterally  from  the  stream  course  as  a  medial  line.  The 
regularity  and  persistence  of  this  phenomenon  is  closely  de- 
pendent upon  the  perfection  of  the  jointages,  and  is  often  truly 
remarkable.  The  jointage  to  which  the  bed  of  the  creek  is 
parallel  controls  the  front  face  of  the  stopes,  while  h  second 
jointage  intersecting  the  former  at  an  angle  near  90^  deter- 
mines the  floor.  The  salient  angle  thus  formed  has  been  rounded 
off  to  a  slight  extent,  but  upon  the  front  face  of  the  stope  may 
still  be  seen  partially  obliterated  inequalities  of  surface.  These 
are  jagged  and  angular  in  their  inneniiast  recesses  and  represent 
uneven  fracture  planes  of  the  rock  masses  torn  out  by  the  ice 
from  their  positions.  The  front  face  of  the  stopes  is  nearly 
vertical  and  may  have  a  height  of  from  six  to  eight  feet,  and 
occasionally  even  up  to  fifteen  feet.  The  rocks  of  Monarch 
Creek  are  of  stratified  character,  but  similar  bench-like  forms 
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hftw  bi?t>ii  pnidiipcd  on  the  jointed  grauites  at  Silver  Ij«ke,  nn{t<l 
it  is  ohvimwiy  apparent  tbat  the  phenomenon  is  independent  of  •! 
litholoKic  control. 

That  tliv  li-mi  "cjnnrryinft"  is  no  mere  figure  of  Bpeech  ia-l 
fon'ihiy  hroiiftht  home  by  tbe  photograph  shown  in  Pinte  29B.  ' 
This  WEB  taken  on  Crystal  Creek  Ht  nn  altitude  of  10.000  feet 
in  a  vhIIpj'  hiin^  up  2.000  f«'t  above  Mineral  King.  No  Ims 
than  fiw  bcm-hi-s  iirc  Bhowii,  aeareely  distinguishable  in  their 
perfoelion  fnmi  the  labored  handiwork  of  man.  They  arc 
ipiarried  out  of  a  strongly  Hhenred  andesite  in  steps  up  to  fifteen 
feet  high,  and  display  the  cflieient  ittiliiuition  of  the  two  dominant 
jointHges.  Thir  iiiefTtrtiveneRS  of  glacial  abrasion  eoinpari'd  tOa 
the  pnK'iws  of  pineking  is  also  elearly  revealed.  | 

It  has  Iteen  mentioned  that  on  Monarch  Creek  along  with  the 
numerous  qiinrry-like  benches  evidenwj*  of  a  glacially  xtriated 
notch  occur  in  the  bottom  of  the  trough.  Similar  stibglneial 
channi'k  an'  reported  from  tiie  Unter  Orindelwald  glacier  and 
from  the  Yosemite  Valley,  and  are  held  to  furnish  proof  of  the 
feeblcncHS  of  glacial  erosion,  At  Monarch  Creek,  however,  the 
evidence  in  eleiir  fliul  the  suhgliieiHl  notch  was  an  iielive  ci.. 
operant  with  the  glacial  processes.  The  heavy  grade  of  the 
strciini  limiti'd  its  energies  to  the  downwurd  corrasioii  of  its 
hi'd,  iiinl  ciuised  the  incision  on  the  floor  of  the  valley  of  a  narrow 
ehiiTinel.  'I'o  the  ice  was  left  the  quantitatively  nnieh  (ri^fter 
task  (if  excjiviiling  the  main  tnniffh  and  maintaining  the  typical 
ehanicter  of  the  I'-prollle.  It  is  a  well-known  principle  to  the 
ipiiirryman  liiat  the  facility  with  which  large  blocks  can  be  re- 
moved is  tireally  iiiereascd  by  the  number  of  free  faces  exposed 
to  attack.  The  downward  channeling  action  of  the  sub^'laeial 
strea)u.  tbetvfore,  alTnrded  a  vantayc  line  for  the  quarrying 
abilit.v  of  the  ice.  and  has  enabled  it.  by  utilizing  the  Intent  free 
faces— the  joiiilage  jilanes.^to  evolve  the  e ha raet eristic  bench- 
like forms. 


THK  liKANlTir  AND  ASSOCIATED  lGNEOi;S  ROCKS. 

The  (iraiiitic  Kwks. — The  granitic  rocks  of  the  region  com- 
■ise  -several  strongly  marked  types,  and  represent  somewhat 
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widely  divergent  products  of  the  same  irniptive  raagina.  While 
often  maintaining  their  persistence  of  character  over  several 
square  miles,  a  gradual  transition  through  the  medium  of  inter- 
mediate types  frequently  takes  place.  The  prevailing  rock  upon 
the  eastern  flank  of  the  belt  is  a  very  coarsely  granular  aggre- 
gate of  orthoclase  and  quartz  with  subsidian-  amounts  of  biotite 
and  hornblende.  This  granite  readily  becomes  incoherent,  and 
disintegrates  rapidly,  forming  great  sand-slopes.  The  micro- 
scope shows  that  the  dominant  i)otash  feldspar  is  microcline, 
usually  to  the  almost  comi)lete  exclusion  of  the  orthoclase.  As- 
sociated with  these  are  small  amounts  of  acid  plagioclase,  and 
occasionally,  microperthite  and  microcline-microperthito.  He- 
sides  the  usual  accessories,  magnetite,  apatite,  titaiiite  and 
zircon,  the  quartz  is  noted  to  contain  capillary  rutile.  This  acid 
potash  granite  is  splendidly  exposed  at  Sawtooth  Peak,  at  Silver 
Lakes  and  at  Florence  Lakes,  and  reappears  on  Shotgun  Creek. 

Passing  south,  the  feri*omagnesian  minerals  become  more 
abundant,  and  the  amount  of  plagioclase  increases.  Toward  the 
southern  extremity,  the  granite  becomes  noteworthy  thi'ough  the 
development  of  large,  imperfect  phenocrysts  of  orthoclase  scat- 
tered somewhat  sporadically  throughout  the  matrix.  They 
often  attain  large  dimensions,  frequently  measuring  over  four 
centimeters  in  length  and  are  broad  in  proportion.  The  ground 
is  a  medium  grained,  eugranitic  assemblage  of  orthoclase,  plagio- 
clase. (juartz  and  biotite.  The  feldspars  occur  in  nearly  ecfual 
proportions,  placing  the  rock  among  the  orthodase-plagioclase 
rocks  as  a  porphyritic  quartz  monzonite. 

West  of  Mineral  King  the  granite  is  prevailingly  of  the  lioni- 
blende-biotite  variety.  The  rock  is  a  typical  orthoclase  granite 
carrying  a  notable  quantity  of  dark  constituiMits.  Toward  the 
north,  however,  an  interesting  modification  is  met  with.  The  gran- 
ite becomes  surcharged  with  lustrous  black  hornblende  prisms, 
stronjLily  idiomorphic,  and  freciuently  attaining  a  length  of  two 
centimetei-s.  Splendent  foils  of  biotite  become  conspicuous; 
sphene  is  macroscopically  abundant,  and  (luartz  sinks  to  minor 
importance.  Systematic  collection  of  hand  specimens  along  a 
normal  to  the  contact  showed  a  loss  of  the  porphyritic  habit  with 
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jiroximity  to  the  sodimentflry  niasa.  The  hdmblpnde  resmoH 
the  ordinarj-  hypidiomorphk-  form,  the  (itiart/.  conleiit  was  not^d 
to  increaae.  and  at  thp  coiitaet  the  rock  had  beeotiip  a  quartzose 
)fr»nilitc  Vidrrcn  of  hornblende.  Yet  observation  showed  that 
mtwt  frequently  t.hi«  partienlar  variety  of  granite  wonld  pre- 
Berve  its  pori>hyriIic  habit  to  within  two  feet  of  the  contart, 
where  it  would  becomp  oblilernfed.  mid  a  slight  enriehment  in 
the  hiotite  enntent  t«ke  plaee  at  the  expense  of  the  hombleride. 
This  tendeney  toward  the  formation  of  a  narrow  peripheral  zone 
relatively  richer  in  biotite  can  maeroseopieally  be  seen  to  have 
biU'n  operative  at  numerous  points,  and  even  appears  from 
mieroseupio  evidejice  to  have  been  effective  in  the  Ifui^ne.rHtic 
Kranifes  upon  the  eastern  side  of  the  area. 

hiciusimia  in  Ihr  Oranitrs. — Dark  eircnlar  and  irreanlar  oval 
patehes.  varying  in  sm'  from  half  a  square  inch  to  a  sapiart^H 
yard,  are  exet-edinply  abundant  in  the  granites  of  tht*  rpgioni^^ 
They  are  resistant  to  atmospheric  agencies  and  weather  ont  in 
relief.  Their  outlines  are  sharp  and  distinct,  though  in  detail 
interlocking  with  the  grain  of  their  hosts.  The  term  "srhlifre" 
when  applied  to  these  is  a  mi.iiiniiier.  On  the  basis  of  textiiral 
differences,  two  classes  can  be  recognized:  the  first  of  which  is 
accurately  described  as  a  pepper-and-salt  mixture  of  the  dark 
and  light  colored  constituents;  the  second  type  is  a  dark  colored, 
medium  granular  aggregate  in  which  occasional  porphyritic  feld- 
spars are  included. 

The  distribution  of  these  two  varieties  of  inclusions  is  not 
limited  to  any  particular  facics  of  granite,  and  is  in  general 
fairly  uniform  throughout  the  region.  Over  wide  areas  a  com- 
mon perpendicular  orientation  of  the  major  axes  is  often  ob- 
servable though  the  porphyritic  hornblendes  of  the  enclosing 
rock  are  without  definite  disposition,  either  fluidal  or  gravita- 
tional. 

At  Eagle  Lake,  the  glaeiation  has  laid  bare  a  truly  remark- 
able phenomenon.  Here  the  granite  abuts  against  a  white, 
schistose  quartzite.  which  thermal  metamorphism  has  rendered 
massive  and  vitreous  over  a  breadth  of  a  few  inches  from  the 
irruptive.     Paralleling  the  contact,  and  forming  a  zone  in  the 
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grranite  from  three  to  four  feet  wide,  is  an  enormous  assemblage 
of  dark-colored  ellipsoidal  enclosures,  so  numerous  as  to  con- 
stitute more  than  one-half  the  bulk  of  the  rock.     The  contact  is 
exposed  to  a  vertical  height  of  20  feet  at  points,  and  horizontally, 
several  hundred  feet,  and  the  inclusions  are  seen  to  have  sub- 
ordinated the  granite  to  the  function  of  a  mere  binding  material. 
They  have  been  oriented  parallel  to  the  plane  of  the  contact,  and 
show  distinct  evidences  of  plastic  deformation,  being  somewhat 
flattened  in  the  direction  of  their  major  axes.     Texturally  they 
are  fine  grained  aggregates  of  the  dark  and  light  constituents. 
In  thin  section  it  is  seen  that  the  ferromagnesian  minerals,  rep- 
resented by   biotite,   hornblende  and   augite,   comprise   half  or 
more  of  the  bulk  of  the  slide.     The  biotite  exceeds  slightly  the 
hornblende  plus  the  augite.     The  hornblende,  which  is  of  the 
common   green   variety  and  strongly   pleochroic,   is   frequently 
irregularly  intergrown  with  pale  green  augite  with  the  c  axes 
common.     The  feldspars  present  are  orthoclase  and  calcic  oligo- 
clase,  associated  together  in  nearly  equal  proportions.     Quartz 
is  ver\'  subordinate;   a  small   but   variable   amount   of   micro- 
graphic    (myrmectic)    intergrowth    is    recognizable.     The    most 
noteworthy  feature,  however,  is  an  extraordinary  abundance  of 
perfect  apatite  needles,  often  of  long  slender,  acicular  habit, 
with  a  length  exceeding  fifty  times  the  breadth.     Such  needles 
must    furnish   sensitive   indicators   of  any   internal    movements 
since  the  consolidation  of  the  magma.     The  apatite  is  perhaps 
four  or  five  times  as  plentiful  as  in  its  granite  host.     Zircon, 
titanite,  pyrite  and  magnetite  are  sparingly  represented.     The 
structure  is  allot riomorphic   granular,   though   oecasionally   the 
biotite  shows  sharp  idiomorphisni. 

The  host  is  a  fairly  coai-se  grained  quartzose  granite  eariy- 
ing  a  great  deal  of  biotite  and  considerable  li()r"nl)len<le.  The 
foliae  of  biotite  show  an  incipient  ert'ort  to  congregate,  and  give 
the  granite  a  faint  appearance  of  inhomogeneity.  The  mici-o- 
scope  shows  that  orthoclase  is  the  dominant  feldspar,  and  that 
but  a  very  small  amount  of  acid  plagioclase  is  associated  with  it. 
Apatite  (somewhat  more  abundant  than  in  noi-mal  granites), 
zircon,     magnetite,     and     titanite     comprise     the     accessories. 
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Throiitirli'Hit  the  haml-spwimt'n  can  b?  obwrveil  small  darl 
colorwl  patches,  apiniiximiitel.v  half  an  im*h  stjiian^.  whieh 
pepper-und-salt  «jij:r«?(tat«*  of  fernimngiiesiBii  luinerals 
whitf.  lu  thill  i*«'tion,  llu*  patcbwi  oonsist  of  psiiidiouiurphte^ 
^luidiiiieiiKioiied  affgreKales  of  the  above  luinerulN  with  tho  darfc.; 
fijiialiiii;  the  whit*.  It  is  nottKi,  howt'vt'r,  that  thp  tricHnie 
feldspars  havp  bccoiiu'  relutivi'Iy  mon.'  nhiiiHlant.  and  that  a 
iKiUiiiU-  irdiR'L'iitnitiori  of  Kpatitt-  bast  tJiken  plaee.  Kaeh  little 
patch  18  apparftitly  an  intftprral  iiiiil  wbiph  does  not  blend  into 
the  wieioainii  roek.  thon^h  the  line  of  demarcation  is  mil  aIt«o- 
lutely  precise,  and  dhows  aympathy  with  the  grain  of  the  bunt. 

At  st'vfnlci'n  fi'ct  from  Xhv  contact,  th«  jrranitL'  Aw»  not  difTier| 
essentiHlly  from  thtil  at  but  one  foot,  oxnept,  perhaps,  in  having 
recovered  Poinpletely  its  appearance  nf  horaopeneity. 

P'rom  ('tiff  tlreek  was  obtained  a  dark  medium  in-aincd  gran-J 
ular  incliisiun.  throiigbont  which  a  few  porphyritie  feldspanij 
are  scattered.  The  host,  which  was  not  in  any  near  prosimity' 
to  the  contact,  \k  a  homblciidc  biotitc  ^ranit«,  conapicuons 
the  porphyritic  di'vi'lopnient  of  the  hornblende  and  the  niacra-^ 
scofiic  characti^r  nf  the  titanite.  lender  the  microscope  the  incln- 
sioii  appears  to  consist  of  biotite  and  green  hornblende  in  equal 
I)roporti(ins.  oli^oclasc  and  the  jicecssorifs.  Quartz  is  insisniifi- 
cjint  or  al)scnt.  The  feldspar  is  charaeterized  by  having  a  core, 
or  more  fiTipiently,  a  zutic  of  sharp  crj'Ktallo^raphic  habit  eon- 
sistinn  of  kiiolini/ed  feldspar  succeeded  by  a  peripheral  jrrowth 
without  exterior  erystitl  outline.  By  far  the  most  strikinii  fen- 
tuiv  revealed  in  thin  section  is  the  extraordinarj'  concentration 
of  the  accessories.  Spbene  is  very  abundant  in  sharp  idiomorphic 
rhiimbs.  lu  one  instance  an  included  cube  of  magnetite  was 
noted,  and  in  another,  a  small  striated  feldspar  lath.  A  horn- 
blende crass-section  was  found  in  parallel  interprowlh  with  a 
titanite  rbiniib  alon^'  their  respective  eleavafre  lines.  Apatite 
displays  a  profuse  develojiment  of  lonjr  slender  needles  and  short 
stout  prisms.  It  is  .snmctiiucs  included  in  the  spbene.  and  may 
oceasionaily  be  seen  juttiiiK  into  the  titanite  rhombs.  Octaliedra 
of  maj;netitc  arc  unusually  plentiful.     Zircon,  however,  is  pres- 
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ent  in  no  more  than  normal  amount.    The  structure  is  hypidio- 
morphic  granular. 

The  peculiar  mode  of  occurrence  of  the  enclosures  at  Eagle 
Lake,  and  their  great  numerical  abundance,  seem  to  give  the 
contact  some  significance  in  their  genesis.  At  first  sight,  it 
would  appear  probable  that  here  they  represented  partially 
digested  fragments  of  the  invaded  formations,  but  the  micro- 
scopic diagnosis,  and  the  absence  of  the  pronounced  endomor- 
phism  which  the  assimilation  of  such  large  amounts  of  silica 
would  necessitate,  argue  strongly  against  such  an  hypothesis. 
And  furthermore,  the  deformation  of  the  enclosures  visible  ma- 
croscopically  should  show  corresponding  structures  microscopi- 
cally. If  the  inclusions  are  of  extraneous  origin,  and  have  suf- 
fered magmatic  corrosion  and  plastic  deformation,  the  individual 
mineral  components  should  accordingly  show  incipient  fusion. 
The  deformation  has  necessarily  been  plastic,  inasmuch  as  the 
drawn-out  inclusions  are  contained  in  an  unsheared  granite  as 
host.  The  thin  section,  however,  reveals  no  evidence  of  incipient 
fusion,  and  shows  that  the  various  minerals  possess  the  sharp, 
pyrogenic  outlines  characteristic  of  granular  plutonic  rocks.  In 
reviewing  the  petrographic  details  it  is  apparent  that  the  inclu- 
sions represent  basic  segregations  from  the  granitic  magma  and 
are  characterized  by  high  concentrations  of  the  so-called  usual 
accessories.  A  close  sympathy  between  hast  and  segregation  is 
mdicated  by  the  dominance  of  a  peculiar  accessory:  apatite,  in 
the  apatite-rich  granites  and  titanite  in  the  titanite-rich  granites. 
Later  Intrusives. — Intrusive  into  the  schists  and  granite  on 
Monarch  Creek  is  a  quaii:z-mica-diorite,  which,  wherever  ex- 
posed, exhibits  a  uniform  and  i)ersistont  i)etrographic  habit  The 
contact  with  the  granite  is  marked  by  an  irregular  intrusion 
breccia,  wherein  the  invading  magma  has  incorporated  numerous 
angular  blocks  of  granite.  Occasionally  a  light  colored  aureole 
three-quarters  of  an  inch  broad  has  been  developed  around  the 
acid  inclusions.  Other  evidence  indicative  of  the  irruptive  nature 
of  the  quartz-mica-diorite  is  furnished  l)y  the  frequent  appear- 
ance at  the  contact  of  porphyritic  facies  resembling  coarse,  holo- 
crystalline  andesites. 
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MiM;nw(r«picaUy.  i\w  quartz- mk-a-diorih-  ix  a  medium  graiDed 
crHmilar  rwk.  the  Uibniar  charscUr  of  whose  plagioelase  ft-ld- 
Rpant  is  often  apparent,  pvt-n  textured,  and  of  gray  color.  Il« 
weathered  Burfarp  U  charBCtcriRlically  of  blue  pray  tint.  «n<l 
iistiullj-  pitU'd.  due  t»  the  atmoepheric  removal  of  the  hornblende. 
I'lider  the  mieroseope  it  is  seen  that  the  total  ferromn^iejiian 
content  is  a-lntively  mnall  uud  wiiipriaes  biotile  and  hornblende, 
the  mica  eommonly  pn-doniinating.  Plapioetase  is  present  in 
larjic  aiiinnat  and  is  noteworthy  from  the  strong  tendeney 
displays  to  assert  its  idiomorphism.  Its  habit  is  tabidar,  and 
the  feldinparx  nlmont  invariably  consist  of  Carlsbad  twius  itlri., 
iited  iieeordinn  to  Ihp  albite  law.  An  aecurate  detennination  ii 
llierefoi-e  readily  l)0ssihle,  and  shows  that  the  feldspar  eorre- 
spondfi  to  andesine  AboAn,.  A  variable  amount  of  orthoelaw 
oeeiirs.  thovigh  usually  in  strict  subordination  to  the  soda-lime- 
feldnpar.  It  is  tdwayn  nllotriomorpWe,  and  ocfa«ion»lly  twinned 
aeeordiiig  to  tJie  Carlsbad  law.  Straiu  shadows  tint  observable, 
sometimc>«  culminating  in  a  mieroeline  structure.  A  not  inctukx 
siderabli!  amount  of  quartz  is  distributed  throughout  the 
of  rock  so  as  to  form  an  irrepular  mesostasis  in  which  the  tab- 
ular feldspars  lie  embedded.  It  is  probably  owing  to  this  inter- 
stitial ohai-aeter  that  the  quartz  owes  its  macroscopic  ineonspieu- 
oiisiiess.  A  few  uiinute  occurrences  of  graphic  inter^rowths 
were  observed.  The  acces,sories  are  magnetite,  titanite.  zircon, 
and  apatite  somewhat  abundantly. 

The  charneterization  of  this  rock  shows  that  it  is  closely 
allied  to  the  tirnnodioritcs,  in  the  sense  in  which  the  term  jjrano- 
diorite  has  been  most  frequently  employed  ("quartz-mica-dio- 
rite  .■jn-ryiuK  orthoclasc").  It  also  accords  exactly  with  the 
tonalite  of  vouj  Rnth,  to  which,  in  the  nomenclature  of  Uosen- 
busch.  it  would  unhesitatinKly  be  placed.  The  dark  colored  .sea;- 
rejralioiis  so  conunon  in  the  granites  are  conspicuously  absent  in 

the  tOUillit;'. 

Closi'ly  R'seinblint:  the  tonalite  of  Monarch  Creek  Is  a  body 
of  srrariilc  apparently  intrusive  into  the  hornblende  trranitite 
on  the  AVet  Meadows  trail.  More  careful  inspection  shows  that 
the  fcldspai-s  are  largely  unstrjated  and  that  the  macroscopic 
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resemblance  is  misleading  and  merely  fortuitous.  Under  the 
microscope  it  is  observed  that  plagioclase  is  not  abundant,  and 
that  the  potash  feldspar  is  to  a  great  extent  intergrown  with 
albite  in  microperthitic  fashion.  Quartz  is  unexpectedly  present 
in  no  inconsiderable  amount,  though  relegated  to  interstitial 
habit.  The  ferromagnesian  minerals  are  sparingly  represented 
bv  biotite. 

Tourmaline    Granite    and    And^sitic    Dykes. — Cutting    this 
granite  at  various  places  are  intrusive  masses  of  tourmaline  gran- 
ite and  dykes  of  feldspar  porphy rites.     The  tourmaline  is  quite 
abundant  in  the  shape  of  radial  aggregates,  averaging  a  centi- 
meter in  diameter.     A  little  plagioclase,  orthoclase  and  quartz 
form  a  rather  fine  grained  ground  throughout  which  the  tour- 
maline  is   distributed.      The   tourmaline   spherulites   are   often 
located  in  the  center  of  areas  of  quartz  of  uniform  optical  orien- 
tation.    The  porphyrites  are  characterized  by  an  abundance  of 
white  feldspar  phenocrj'sts  embedded  in  a  dark  gray-blue  ground 
of  fine  texture.     Some  biotite  is  noticeable,  but  is  not  conspic- 
uous.    In  thin  section  the  large  feldspars  display  decided  cor- 
rosion phenomena,  having  had  all  the  corners  rounded  off.   They 
correspond  in  composition  to  a  calcic  oligoclase.     A   not   very 
prolific  generation  of  much  smaller  plagioclase  lathes  succeeded 
them.     They  show  no  evidence  of  magmatic  resorption,  and  are 
not  connected  with  the  first  generation  by  intermediate  sized 
feldspars.    Some  basaltic  hornblende,  for  the  most  part  strongly 
chloritized,  and  biotite  represent  the  ferromagnesian  minerals. 
Magnetite  and  apatite  constitute  the  accessories.     The  ground- 
mass,  in  which  a  little  accessory'  rniartz  was  noted,  is  holoervstal- 
line   and   contains   a   great   deal    of   cbloriti<»    matter  scattered 
throughout  it.     The  microscopic  diagnosis  shows,  tlierefort^    that 
the  porphyrites  should  more  accurately  be  called  andesites. 

The  detailed  petrography  of  the  granitic  rocks  of  the  rc^gion 
shows  that  in  this  portion  of  the  Sierra  Nevada  there  exist  larire 
bodies  of  typical  orthoclase  granites,  and  even  highly  acid  potash 
granites.  The  time  relations  between  the  tonalite  (grano-diorite) 
and  granite  magmas  show  that  here  the  more  acid  preceded  the 
less  acid  (tonalite)  intrusion. 
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THE   STRATIFIED   Kf>CKK. 

Ocnrml  H-Uiliinix—T^iK  mnilififd  rocks  consist  prcvHilingly 
of  flay  sUteR  and  pliyllites  with  interbedded  limestones,  quartK- 
ite«,  and  laPuc  nmsneit  of  tuffe  and  sheared  volcanies,  both  acid 
and  nioH!  biwic.  Stipirficial  oxidation  has  colored  the  serial  h 
Htniiiir  red  and  I'aiisps  thera  to  stand  out  in  pronounced  contraBt 
l«  the  ^'Icaining  while  granit**!. 

The  strike  of  the  i*tnitB  is  fairly  uniform  throughout  the 
area,  and  does  not  vary  ffreatly  from  N,  45'^  W.  The  dip  is 
nearly  vprticjil,  wsualiy  85^  to  the  9outhwi«t.  The  bedding  is 
in  all  eawes  found  to  bo  strictly  Roufonnable.  At  Mineral  Kine 
the  seriea  atlaini  ii  maximum  width  of  12.000  feet.  South  of 
Farewell  Gap  it  narrows  down  to  5,600  feet,    (See  I'latc  ao.) 

The  rocks  have  been  sheared  to  grcwter  or  less  extent  and 
exhibit  various  degrees  of  schisttwity,  from  perfectly  massive 
()uai1/itefl  to  highly  micneeouB  biotitc  schists.  The  interlw?ddedi 
limestone  beds  show  that  the  foliation  is  always  coincident  wil 
the  oriyinai  Kti-atifi cation  planes.  This  is  further  borne  out  hf^ 
the  thin  sections,  which  frequently  show  the  iiiiriillrlisiri  b 
the  sedimentary  handing  and  the  superimposed  cleavage. 

The  litholo^'ic  units  iire  relntively  small,  and  it  n-ii.s  fonnd 
iniidvisable  Id  attempt  to  luiiji  them  separiitely.  The  silii'eous, 
ciiliMnvius  and  ar-rilliiceiHis  nienihci-s  are  frei|uently  stratified  in 
nipid  jilteniati()n,  and,  as  a  fui-tbcr  eoniplieation.  even  the  larger 
subdivisions  are  of  stninfrly  interdigitatinjr  habit  and  tend  to 
thin  out  in  the  direction  of  their  strike.  The  volcanic  nx-ks, 
wbii-h  constitute  a  large  portion  of  the  gi'ologic  series,  arc  as 
a  general  rnle  conformable  in  strike  and  dip  with  the  sedimen- 
tary nicks.  They  arc  strongly  .sheared,  and  have  been  invaded 
liy  till'  granites  and  are.  therefore,  certainly  pre-granitie.  Asso- 
eialed  in  confoi'iiiabic  sojueiiee  with  the  quartz  porphyries  on 
the  LiUh'  Kern  River  are  beds  nf  tuffs,  and  the  evidence  is  clear 
that  there  the  voleariies  fnrui  an  integral  iiortion  of  the  strati- 
graphic  column.  At  other  jioints  different  evidence  is  obtain- 
able. On  .Monarch  Creek  dykes  of  dark  igneous  nicks  are  intru- 
sive into  qnartzites  and  are  themselves  cut  by  white  aphanitic 
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dykes  which  are  apparently  apophysal  from  the  tonalite 
intrusive. 

Owing  to  the  nearly  complete  absence  of  fossil  content,  the 
unreliableness  of  intercalated  volcanics  as  data  planes  and  the 
lenticular  habit  of  the  stratified  rocks,  correlations  between  va- 
rious cross-sections  can  only  be  made  in  f?eneral  terms.  Where 
thicknesses  are  given,  it  must  be  borne  in  mind  that  their  accu- 
racy is  conditional  upon  the  accessibility  or  inaccessibility  of  the 
territoiy. 

Section  across  Timbfr  Gap. — A  section  along  the  ridge  at 
Timber  Gap  reveals  the  following  succession  passing  from  west 
to  east: 

1.  Various  faeies  quartz  porphyry  500  ft. 

2.  Banded  red  and  white  quartzite  150 

3.  White  and  gray  laminated  limestone  50 

(The  two   feet  adjacent   to   the  next   following   formation   are 

highly  contorted  and  the  laminae  are  often  reversed.) 

4.  Phvllitic  schist  50 

5.  Arenaceous  slates,  siliceous  schists  and  clay  slates  300 

6.  Phyllites  and  clay  slates 800 

(Contains  a  2-foot  bed  friction  breccia.) 

7.  Siliceous   schists,    with    subordinate    schistose    quartzites    inter- 

bedded;  thin  bands  clay  slates  350 

8.  Sheared  conglomerate,  tuflfaceous  200 

9.  A  few  feet  phyllite,  tuffaceous  slate  and  green  schist  with  cherty 

layers  750 

10.  Clav   slates   35 

11.  Tnflf    175 

12.  Calcareous  quartzite,  occasional  limestone  lenses  180 

13.  Clay  slates  300 

14.  Schistose  white  quartzite  50 

(Contains  4-foot  bed  bhie  limestone.) 

15.  Sericitic  quartz  porphyries  400 

16.  Blue  gray  quartzites 500 

17.  Sericitic  quartz  porphyries  350 

18.  (Quartzite  50 

19.  Sheared  feldspar  porphyrj-  800 

Total  thickness  exposed  6,090  ft. 

The  series  is  completely  coiiformnble  throughout  its  entire 
thickness.  The  strike  is  very  uniformly  N.  60'  W.  (magnetic) 
and  the  dip  may  be  inclined  a  few  degrees  from  the  vertical  on 


eilUer  «idP.  Of  the  e,0!IO  feet  of  straU.  :i,l"o  fpi't.  t  vev>'  ap- 
liroxiiiiately  one-half  nf  tlip  wnHt,  ar«  of  volcunie  nnd  pyroclBStic 
origin. 

I'c.ironraphy.—VudfT  the  qimrtic  porphyries  inpliided  iindor 
suhdivisioit  1  ia  a  liEhl  colon-d.  slronply  sheared  rock  whieh 
priwiitM  the  appearance  of  u  ftiie  (Trained  fc-neiss  upon  itsi  eii»s- 
fnidiire.  and  thut  of  n  very  fine  prained  biotite  schist  upon  its 
foliation  planw.  The  mica,  however.  Ls  not  evenly  diBtrihuted. 
Imt  is  l(WB!iiM-d  in  patehea.  Across  the  schistosity  miiiutf  nuyfii 
of  cpiart!!  and  feldspar  aru  visible.  These  features  are  somcwhal 
variable,  depending  iijion  the  depree  of  dynamic  metamorphisni. 
Favorable  sci^tioim  show  under  the  niicroscoi)C  an  ahundanire  of 
(luartz  dihexahedra.  which  are  often  better  prwterved  than  ap- 
pears eonaiatent  with  the  inaerow^opic  habit  of  the  nick.  The 
phenocrj-ats  arc  cracked,  und  polarize  in  varioua  colors,  thi 
fcrciit  tiiit»  of  whieh.  however,  pepsiot  over  ureas  relatlvi 
l«rt!i'.  InelusioMs  of  the  proundmass  do  not  ow,ut.  The  i(ua 
posMWi  aharp  and  linear  boiindnriex.  More  frequently  they  are 
shattered  and  drawn  out,  and  show  strong  strain  shadows.  In 
snmewliiit  less  ahiiTidntiee  than  the  (piarti!  are  the  feldspar  phetio- 
erysts,  chiefly  orthoclase  in  a  variable  state  of  preservation.  It 
snitietiines  retains  its  idiomorphism.  but  is  more  commonly  broken 
np.  and  the  ei-ai^ked  fnijrments  are  enibraci'd  in  large  nniseovite 
plates.  Oeea.sionnlly  a  nearly  obliterated  plagioclase  feldspar, 
siirnmnded  by  white  mica,  ean  l»e  detected.  The  groundmas-s 
is  a  line  mosaic  of  iiiiartz  and  orthoclase,  and  contains  nmch 
flaky  hiutite  scattered  throiitrhout  it.  The  constituents  are  all 
iinented  with  their  major  axes  pandlel,  and  the  biotite  flakelcts 
arc  arranfTod  in  concentric  fashion  around  the  quartz  and  feld- 
spar phenocrysts.  The  accessories  mafnietite,  apatite,  zircon, 
and  tilanilc  were  found  present  in  small  proportions.  A  minor 
facics  is  a  inueli  darker  colored  schist,  very  fine  grained  and 
showing  only  small  feldspar  aii'jeii.  It  consists  of  a  lai^e  nunjber 
of  kaolinized  feldspars,  sliattered,  and  their  corners  abraded  off, 
embedded  in  a  finer  feldspar  mosaic,  in  which  but  a  small  amount 
of  quartz  is  .scattered.  Disseminated  throughont  the  matrix  is  a 
very  large  quantity  of  finely  divided  biotite,  which  serves  to 
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bring  out  the  schistose  structure  of  the  rock.  Its  orientation 
around  granulated  areas  of  feldspar  surrounding  unshattered 
nuclei  emphasizes  the  mode  of  reduction  of  the  feldspars  by 
attrition. 

An  important  variation  of  the  gneissic  quartz  porphyry  is 
a  strongly  schistose  facies  showing  abundant  patches  of  drawn- 
out  feldspar  and  a  few^  augen  of  vitreous  quartz.  Upon  the  sil- 
very white  foliation  planes  of  this  schist  are  curious  aggregates 
of  sheared  biotite  disposed  in  irregular  orientatioii.  They  are 
more  or  less  rectangular  in  shape  and  cause  the  rock  to  simulate 
the  appearance  of  the  so-called  *' picture  schists. '^  In  thin  sec- 
tion a  few  shattered  phenocrysts  of  quartz  can  be  observ-ed. 
However,  one  was  noted  which  was  entire  and  of  uniform  polar- 
ization tint,  free  from  inclusions,  and  with  but  slight  shadowy 
extinction.  Its  shape  is  such  as  to  suggest  its  derivation  from 
the  dihexahedral  form,  but  can  not  be  conclusively  demonstrated. 
Its  boundaries  are  not  geometric  lines,  but  are  crenulate.  A 
peculiarity  in  the  distribution  of  the  interference  colors  sug- 
gests  a  well  healed  gash  running  across  the  phenoeryst.  In  con- 
vergent light  the  section  shows  an  eccentric  uniaxial  crass  of  a 
weakly  birefringent  mineral.  The  homogeneity  and  relatively 
large  size  of  the  quartz  crystal,  and  the  sharp  plication  of  the 
lines  of  schistosity  caused  by  it,  accentuate  strongly  its  pheno- 
eryst ic  character.  A  few  kaolin i zed  and  shattered  phenoerysts 
of  orthoclase  also  occur.  The  biotite  is  mostlv  flakv  and  is  local- 
ized  in  bands.  The  groundmass  is  very  fine  grained  and  consists 
of  quartz  (?)  more  or  less  interwoven  with  sericite.  ^^la^nietite 
and  zircon  occur  as  accessories.  Other  slides  illustrate  in  ecjually 
remarkable  fashion  the  anomalous  behavior  of  the  quartz.  The 
presence  of  nearly  undisturbed  quartz  phenocrysts  in  a  highly 
sheared,  fine  grained  ground  is  an  immediately  striking  feature 
and  calls  for  an  explanation. 

The  sericitic  quartz  porphyries  included  under  15  and  17 
differ  widely  from  the  porphyries  described  in  the  preceding 
paragraphs.  The  various  facies  of  sericitic  quartz  porphyries 
appear  to  grade  imperceptibly  from  one  to  the  other,  and  often 
to  become  highly  feldspathic  and  deficient  in  quartz.    The  com- 


246 


VtiirfrMty  of  C'ilift>rnia  Puhlicatw 


miiiieiit  Tsriely  of  the  RerieitiP  cjuartz  iwHTihynes  is  a  stmntclyJ 
aehintuMT  Vflrii-ty  presenting  an  irregularly  mottled  flpp«>itrano6l 
on  it«  foliation  planw.     This  mottled  effect  is  due  to  Ihi-  «lter-| 
iiiitiiin  of  areas  black  with  bi«titf  sesles  and  ortaH  uf  pale  grea 
isli  pray  color  whii-h  shine  with  a  distint-tly  olcaginon»  lii!<tre.J 
On  its  croBs-frni-ltirf  the  rock  i«  exfwdin^ly  dense,  and  only 
very  siiomdii^.  minute  eyes  of  vitroouB  ijuftrtz  pan  with  difficulty 
1k'  dilrtiiiRiiiabed.     I'nder  thi-  ini«r<««ope  a  few  badly  damaRed 
feldspar  phenocrysts  stand  out  in  sharp  contrast  to  the  exeeed- 
ingly  fine  grained  ground.    They  are  uustriatod,  apparently  all 
orthodnse,  kaolinized.  and  stronply  maahed.    liiotitc  (mk-ui-s  spar- 
inirly  in  small  Hakes,  oecaaionally  localiaod  in  nggrogatea.     Thi 
in'onndmaHo  is  hoi ocr>-8tal line,  but  irresolvnble.    Some  white  mifl 
can,  however,  be  identified  with  certainty.     A  little  i 
mmimetitP  and  airoon  wv.ur. 

A  subordinate  faeies  of  the  series  of  cpiarlz  pi>rpliyrios  is  cj 
sfronKly  foliated,  very  white  ^-ariety  which  ahiiiin 
unetuuns  lustre  upon  its  sohiatosity  planes,  due  t<^  the  nbiindaiio 
of  small  micu  plates.  Mieroaeopicslly,  the  roek  ean  be  elian 
terized  as  n  inoaaie  of  quartz  interwoven  with  white  miea.  The 
mioa,  which  is  distinctly  pleochroie  in  a  light  greenish  tint,  is 
extri-mely  abundant  and  possisses  a  definite  lineai'  Jirran^it'- 
nient.  At  ecftiiin  points,  however,  it  Hows  around  lartrer  areas 
(if  ^Tiinulated  'iiinrlz.  A  very  little  biotite  is  present.  Some 
few  lai-^e  a^Kfe^ates  oeeur  wliieli  consist  entirely  of  scaly  white 
mica.    A  little  acet'ssin-y  nlal,^letite  and  zircon  are  also  found. 

The  sheaifd  feldspar  porphyry  is  a  rather  remarkabie  ap- 
peariniT  rock.  It  is  lii.dit  bluish-iii'ay  in  color,  and  i.s  closely 
ci'owded  with  feldspar  plicuocrysts,  which  in  consiiuenec  of  the 
sheariuff  that  the  rock  has  underjione.  cause  it  to  split  nlon^' 
the  f<iIiation  planes  as  if  composed  of  small  pebbles,  lit  thin 
section  the  feldspars  arc  seen  to  be  in  poor  pitservation :  they 
aiv  knolini/ed,  their  crystalloirrapbic  outlines  are  u.sually  de- 
slroycd,  and  the  comers  have  been  abraded  off;  they  have  sonic- 
tiirics  Ufii  cracked  and  the  j:roundmass  has  worked  in  between 
the  fragments.  Tliey  have  frec|ueiitly  been  converted  to  seri- 
citic  a  Iff:  rebates,  especially  upon  their  peripheries:  a  band  of 
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sericite  was  noted  closely  hiigrgin^  a  feldspar  half  way  round  its 
perimeter.  In  another  instance  a  sheaf-like  aggregate  of  sericite 
was  found  separating  two  feldspars  in  near  juxtaposition.  The 
feldspars  are  largely  orthoclase,  though  the  plagioclase  character 
of  some  few  is  barely  recognizable  on  account  of  advanced  kao- 
linization.  An  insignificant  amount  of  biotite  occurs,  as  does 
also  a  little  chlorite.  The  ground  is  a  fine  mosaic  of  quartz  and 
is  often  sericitic.  A  single  large  fragment  of  quai-tz,  showing 
strain  shadows,  differentiated  itself  from  the  ground,  and  ap- 
peared to  represent  the  remnants  of  a  phenocryst,  but  the  evi- 
dence was  not  decisive.  Apatite  in  needles,  and  magnetite  in 
-quite  large  aggregates,  were  relatively  abundant.  A  little  epidote 
and  a  piece  of  tourmaline  were  also  found. 

The  rock  called  a  tuff  under  formation  11  is  of  grayish- 
green  color  and  is  dotted  with  rather  numerous,  small  turbid 
white  phenocrysts  in  a  very  fine  grained  groundmass.  The  folia- 
tion is  rude,  though  very  distinct.  Under  the  microscope  the 
porphyritic  feldspars  are  found  largely  untwinned,  though  a 
few  show  very  narrow  striations  and  small  extinction  angles 
against  the  lamellae.  The  original  character  of  the  feldspars  is 
indicated  by  the  circumfluent  schistosity;  by  their  occasional 
strong  idiomorphism  and  by  the  frequent  peripheral  granulation 
zones ;  and  by  their  homogeneity  and  freedom  from  inclusions  of 
the  minerals  of  the  groundmass.  In  certain  instances  the  sharp 
abutment  of  the  feldspars  against  the  crj^ptocrystalline  ground, 
and  the  absence  of  granulation  products  seem  to  show  in  the 
case  of  rounded  corners  evidences  of  magmatic  corrosion. 

The  matrix  consists  of  biotite  flakes  and  some  chlorite,  dis- 
seminated throughout  a  limpid,  feebly  polarizing  paste.  Mag- 
netite occurs  as  accessoiy,  and  occasionally  apatite  needles  are 
included  in  the  feldspars  and  more  frequently  lie  scattered  in 
the  groundmass,  where  they  show  marked  evidences  of  cataclastic 
phenomena. 

It  is  apparent  that  the  microscopic  diagnosis  is  not  conclusive 
as  to  the  massive  or  pyroclastic  origin  of  this  rock.  The  field 
relations,  however,  show  that  a  continuous  gradation  exists  be- 
tween this  type  of  rock  and  others  whose  clastic  origin  is  more 
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nwdily  eN-ideiit.     It  occurs  an  intfrdiKitatinK  masses  with  the 
luffaceoiiB  coiiirlomerate,  occhb  ion  ally  even  fomiinit  the  nrntriK 
in  wliioli  th*  pebblen  lie  fml>ed(Ied,  and  its  Rmdufll  transition  pan  j 
b<?  tmi-ed  on  the  om*  hand  into  the  nonDsl  day  slatM  and  into  j 
(he  liiffaceouH  sliit^«  on  the  other. 

The  tutlnci'oiis  (■onKlomerate  pnwntii  an  exceptional  develop- 
ment £in  iIk'  Rpotion  across  Timber  Gap.    Interdovetailing  wiUl 
feldspar  tuff  are  heavy  lenses  nf  coarse  conglomerate  consistinB 
of  well  rounded  ivebhlew  of  quartz,  red  ehcrt.  nhale  and  conglom-  j 
erate  up  to  thf  size  of  a  man's  head.     These  occiirreni 
local  and  thin  out  rapidly  along  the  strike.    The  more  tuffaecou^J 
[wrtioiis  show  occasional  drawn-ont  pebbles   (three-qiiarters  ( 
un  inch  long)  included  in  a  stronply  sheared  schist  of  fine  Rrain^j 
The  color  U  slaty,  tinged  with  green,  and  the  foliation  plana 
ahow  bvit  a  dull  lustre,  exwpt  where  hiot,it«  has  locally 
d«velop«l,  or  where  infrequent  patc-hes  of  sericite  occur.    Son»I 
little  eyes  of  plussy  quartz  can  with  careful  seareh  Iw  dismvei 
Under  the  mieroscope,  the  immediately  noticeable  featur 
the  excecdinirly   large  quantity  of  flaky  hiotite,  with  chlorit«»l 
which  is  disseminjitfd  throughout  the  eryptoerystalline  ground, 
Some  small  lathes  of  white  miea  are  apparent.    Sporadic  pheno- 
crvKl.i  of   feldspar  occur,   badly   altered,   and   frequently   con- 
verted to  .'ioricitic   aggregates.     The  foliation   is  around   their 
abraded  cimiers.    Between  crossed  nicols  a  long  .slender  feldspar 
rectangle  was  noted  somewhat  inclined  to  the  foliation.    Towards 
one  end  it  is  bent  and  fractured,  and  definitely  deflects  the  stream 
of  fji-bislosity.     It  is  twinned  according  to  the  Carlsbad   law. 
and  (be  two  halves  give  siiiiultaneous  extinction  when  the  trace 
of  the  twinning  plane  is  parallel  to  the  cross-hail's,  and  is  there- 
fore orthiicliise.     A  few  irregular  fragments  of  quartz,  showing 
strain   shadows,   were   found,   and   proofs   of  their  pyroeljLstic 
origin  still  remained  imdestroyed.    These  were  found  in  the  sur- 
vival of  pyramid  faees,  and  the  occasional  presence  of  straight 
edge  boundaries  indicative  of  their  original  idiomorphie  char- 
acter.   Some  tourmaline  is  i)resent,  and  was  found  in  three  dis- 
tinct forms:  as  a  small  stout  prism:  as  sector  of  a  sphendite; 
and  as  a  spongiform  aggregate.    This  is  conclusive  proof  of  the 
non-allothogenic  origin  of  the  tourmaline. 
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The  clay  slates  in  general  possess  the  plane-parallel  cleavage, 
but,  nevertheless,  frequently  grade  into  finely  foliated  schists. 
Transitions  between  clay  slates,  phyllites,  and  microcrystalline 
biotite  schists  are  of  constant  occurrence.    In  the  strongly  schis- 
tose varieties  the  biotite  becomes  macroscopically  visible  in  the 
fonn  of  minute  scales.    The  microscope  shows  that  the  clay  slates 
contain  a  large  amount  of  flaky  chlorite,  which  becomes  replaced 
by   biotite  w^ith  advancing  schistosity.     Intercalated   with   the 
clay  slates  and  phyllites  are  beds  of  slates  showing  curious  ellip- 
tical depressions  and  pustular  swellings  about  a  tenth  of  an  inch 
in  diameter  upon  the  cleavage  surfaces.     This  peculiar  phenom- 
enon w^as  developed  in  extraordinary  degrees  in  beds  occurring 
between  a  succession  of  normal  clay  slates  exposed  in  a  creek- 
cutting  northeast  of  Mineral  King.     The  exposure  was  at  the 
maximum  distance  possible  from  the  granite.     A  thin  section 
cut  from  this  rock  when  held  to  the  light  shows  a  remarkable 
satiny  shimmer,  and  reveals  a  large  number  of  variously  oriented 
eye-like  areas  surrounded  by  carbonaceous  bands.     Under  the 
lens  the  rock  is  found  to  be  exceedingly  fine  grained  and  dimly 
polarizing.     Some  quartz,  and  an  abundance  of  green  chlorite 
is  recognizable  with  certainty.    The  chlorite  is  very  feebly  bire- 
fringent  and  shows  a  faintly  luminous  ultra-blue.     Large  areas 
are  completely  isotropic  owing  to  the  overlapping  of  chlorite 
scales.     Some  thonschiefej-nadchi  and  a  few  minute  prisms  of 
tourmaline  were  noted.    Carbonaceous  matter  is  quite  abundant. 
The  elliptical  areas  previously  mentioned  are  sometimes  bounded 
by  bands  of  chlorite,  but  are  more  usually  defined  by  carbona- 
ceous material.     They  do  not  differ  essentially  in  composition 
from  the  ground,  but  in  a  few  eases  were  found  to  contain  a 
more  brightly  polarizing  mineral.     It  gave  straight  extinction. 
and  appeared  to  be  white  mica,  but  its  identity  could  not  be 
conclusively  established. 

An  interesting  quartzite  occurs  near  the  P^mpire  mine  (alti- 
tude 10,000  feet  and  N.E.  of  Mineral  King).  It  is  massive  and 
non-schistose,  and  shows  three  splendid  jointages  which  cause 
it  to  break  in  small  polygonal  blocks.  Particles  of  a  yellowish 
green  mineral  are  uniformly  scattered  through  it,  and  lend  it  a 


KiitnewhHt  prnnitie  hahit.  I'nder  thf  microseope.  the  elastic 
orifrin  of  the  ropk  is  readily  appiirent.  Numerous  quartz  grains 
shfiw  their  dctrital  oi-i^nn  in  the  Huban(t\ilar  character  of  their 
outlines.  They  have  receiveii  a  noiTiiijon  nrientfttion  and  show 
tttraii)  shadows,  and  soiiie  have  been  crushed.  Itrmnded  prains 
of  altei-ed  plagioclaHe  are  <juit«  sbundant.  A  portion  of  the 
feldspar  ia  unstriated.  and  may  bf  monocHnic.  A  nol  inconsid- 
ernble  amount  of  decomposed  reedy  hurnblend«  is  distribut^Hl 
throughout  the  Kiidc.  With  it  is  a  litth'  bintite  and  chloritic 
material.  A  fine  (gained,  feebly  pnlarizinp  paste,  whose  exact 
natnre  is  indeterminate.  ex)nstitutes  a  sort  of  cement  for  the 
clastie  particles.  Some  nceessory  maymetite,  pyrite.  titanite.  and 
abraded  zircon  occur  scattered  through  it.  This  rock  teemH, 
therefore,  lo  repnwent  an  indurated  arlcnue  sandstone. 

Shfiiireii  Quartz  Forjthyries  from  the  Little  Kern. — Associ- 
ated in  conformable  sequence  with  the  sedimentary  series  on  the 
Little  Kern  in  both  strike  and  dip.  are  aeveral  hundr»'d  feet  of 
sheared  quartz  porphyries  and  tuffs.  They  are  of  pearl  {iray 
e^ilor,  of  WHxy.  unctuous  lustre  upon  their  foliation  plniies.  and 
show  niinierous  easily  recopnize<l  dihesahedrn  of  ipiart/.  ubieb 
lie  embedded  in  an  aphanitic  base.  They  are  macroseopically 
identical  with  the  ([iiartz  porphyries  described  by  Turner  from 
llio  Dnwnieville  Quadransle,  and  placed  by  him  as  very  probably 
of  ■hirii-Tria.s  age.  One  facies  here,  however,  shows  also  por- 
pbyritic  (rhissy  feldsi)ars. 

Under  the  microscope  the  numerous  qnartz  phcnocrysts  show 
severe  sti-ain  shadows.  Some  have  been  scattered  and  fii'anu- 
lated.  The  outlines  of  the  quartzes  are  usually  irrepular,  but 
occasionally  bipyramidal  forms  occur  showing  corrosion  and  em- 
bayment.  A  .'ilijrht  eonehoidal  fracturing  of  the  crystal  edges  is 
Konietimes  apiiarent.  Feldspars  are  not  ininierous,  and  are 
poorly  preserved,  n.snally  di'awn  out  and  kaolinized.  The  ground- 
mass  is  exti-emely  fine  grained,  presenting  in  ordinary  light  a 
soi't  of  shagrecned  appearance  dnc  to  the  interweaving  of  mica- 
ceous material.  The  development  of  this  material  often  serves 
to  bring  out  the  former  flow  structure.  Magnetite  and  some  dis- 
jointed apatite  needles  were  noted  as  accessories.     Small  irreg- 
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iilar  groups  of  minute  tourmaline  prisms  are  of  comparatively 
frequent  occurrence  in  the  groundmass. 

A  section  cut  from  a  hand  specimen  taken  from  near  the 
intrusive  granite  showed  somewhat  surprising  features.  The 
quartz  porphyry'  at  the  contact  is  standing  on  edge  and  does 
not  differ  macroscopically  from  the  previously  described  facies, 
which  was  taken  from  altitude  8,300,  Little  Kern  trail.  The 
microscope  shows  that  the  porphyritic  quai-tzes  have  retained 
their  integrity  and  idiomorphic  habit  in  nearly  perfect  preser- 
vation. They  display  strong  undulose  extinction,  and  may  occa- 
sionally be  fractured  to  small  extent,  but  rarely  show  traces 
of  granulation.  The  ferromagnesian  minerals  are  conspicuously 
absent  from  the  quartz  porphyries. 

The  tuff  associated  with  these  acid  volcanics  does  not  differ 
greatly  from  them  in  its  physical  aspect.  It  is,  however,  more 
massive,  and  does  not  contain  numerous  porphyritic  quartzas. 
Included  in  it  are  dark  lenticular  patches,  representing  frag- 
ments of  extraneous  origin.  Under  the  microscope  only  a  few 
irregular  fragments  of  quartz  are  apparent,  and  these  are  af- 
fected by  strain  shadows.  Phenocrysts  of  orthoclase  are  more 
numerous,  and  frequently  retain  their  idiomorphic  habit.  Some 
are  fractured,  and  the  fragments,  especially  the  corners  broken 
off  from  the  phenocrysts,  show  cross-hatched  twinning.  A  few 
of  the  larger  feldspars  display  the  niicrocline  structure  in 
splendid  perfection.  The  delicate  cross-hatching  is  on  a  fine 
scale,  and  has  been  developed  uniformly  over  the  area  of  the 
feldspars.  The  plagioclases  are  less  alnuidant  than  the  potash 
feldspar  and  have  been  somewhat  capriciously  affected  by  the 
dynamic  metamorphism.  Some  still  show  the  re-entrant  twin- 
ning angles;  others  are  peripherally  granulated;  and  a  lath  was 
found  broken  into  three  pieces  and  the  fragments  separated. 

Phenocrysts  are  not  abundant,  and  the  ferromagnesian  min- 
erals are  nearly  absent.  A  few  small  strips  of  biotite  were 
found,  as  w^ere  some  irregular  patches  which  appear  to  represent 
localizations  of  flaky  biotite.  The  ground  is  cryptocrystalline, 
and  contains  scattered  through  it  very  minute  scales  of  biotite. 
Some  magnetite,  a  few  zircons  showing  perfect  terminations,  and 
some  small  prisms  of  tourmaline  occur  as  accessories. 


A  ciHitinHation  uf  tJii-  sanie  liitf  is  found  t-xpoBcd  near  the 
lukelet  sinith  of  Viindcver  Mt.  It  is  a  grsy-blm-  nwW  Ubprally 
sipriukled  with  glniwy  ijuartzes,  nnd  contains  ubundunt  inclusions 
of  flliarp  niitnilnr  i*In1e  frapineuts  up  to  thri't'-i|nnpters  of  an  inph 
in  linirth,  Tin?  rock  weathers  lo  uii  ash-whilft.  and  the  small 
dark  fragiiifnta  lend  it  a  sln>ii)j  poi-jihyritie  aspeet.  The  sehist- 
iwity  is  but  feebly  developed.  Under  the  microscope  the  numer- 
ous elany  quHr1/**<  are  immediately  noteworthy.  They  are  ang- 
ular find  jag^'d,  often  aMutnin^  fantastic  fonns.  Powerful 
strain  shsdowe  are  appHrent.  and  the  longer  axes  of  the  crj-stals 
have  i-eceived  a  comniiin  orientation.  Occasionally  the  jagged 
pointH  are  sliatterwi,  and  sometimes  the  quartzes  are  surrounded 
by  a  very  faint  granulation  auroole,  but  usually  the  deinni-eatiim 
between  phenocryst  and  gi-ound  in  absolutely  precise.  Some  aniall 
aericitic  aggregates  weri>  found,  as  were  a  few  tnclnsions  of  cjir- 
bonaCtfoUK  nhale.  The  ^Toundniass  is  extremely  fine  gained,  and 
contains  a  great  deal  of  fluked  chlorilic  matter  disseoiinaUid- 
throHgh  it. 

Oil  Monarch  Ci-eek  at  S,.^()0  feel  is  a  strongly  sheared 
citic  quart?:  porphyrj'  leas  than  U"l  feet  thick.  It  is  of  licht 
pearl  gray  color  and  shows  an  oily  lustre  upon  its  foliation 
planes.  The  porphyritii"  quartzes  are  quite  abundant,  and  their 
frequent  idiomorphic  character  is  often  apparent  to  the  unaided 
eye.  t'ndcr  the  niicrnscoiie  the  outlines  of  the  quartzes  are  seen 
to  be  usually  of  ■.'eometric  perfection.  The  dihexahedral  form 
is  often  modified  by  corroKion  and  embayment  phenomena,  and 
sometimes  by  a  slitrht  conehoidal  fracturing.  Severe  strain 
shadows  are  frequent,  and  occasionally  the  phenoerysts  have 
bi'en  cracked,  allowinjj  the  matrix  to  work  in  between  the  sepa- 
rated portions.  The  feldspars,  of  which  a  little  is  triclinic,  are 
very  sparingly  represented,  and  are  poorly  preser\-ed.  A  little 
biotite  is  present  in  flaky  airgregations.  The  groundmass  Is  a 
fine  grained  aggregate  of  quartz  and  sericite.  In  it  occur  some 
disjointed  and  faulted  apatite  needles;  cataelastic  zircons  show- 
ing both  sjilintciy  and  idioinorphie  terminations:  and  scmie  criss- 
cross aggregates  of  minute  tourmaline  prisms. 

The  More  Basic   Volcanics. — In  the  creek  descending  from 
the  9,883-foot  Peak  west  of  Timber  Gap  is  a  50-foot  thickness 
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of  highly  sheared  volcanic  rock  intercalated  between  beds  of 
clay  slates.  The  rock  differs  from  the  others  of  the  region  in 
containing  abundant  triclinic  feldspar  and  a  weakly  pleochroic 
light  green  hornblende.  Cataclastic  phenomena  are  illustrated 
in  great  abundance.  The  granulated  remains  of  phenoerystic 
quartz  seem  to  be  present,  but  are  not  conclusively  demonstrable. 
The  chief  interest  attaching  to  this  rock  is  due  to  the  peculiar 
occurrence  of  tourmaline  in  it.  The  tourmaline  was  found  occur- 
ring as  a  peripheral  fringe  around  a  shattered  feldspar,  and 
could  be  seen  sending  apophysal  tongues  into  the  core  of  the 
phenocr}\st. 

The  creek  heading  near  the  Empire  Mine  (N.E.  of  Mineral 
King)  cros.ses  several  hundred  feet  of  altered  volcanic  rock.  The 
rock  is  of  bluish  gray  color,  fine  grained,  and  shows  but  a  rude 
schistosity.  Its  most  conspicuous  feature  is  the  abundance  of 
sheared  streamers  of  ferromagnesian  material,  commonly  re- 
placed by  epidote.  Under  the  microscope  some  drawn-out  ag- 
gregates of  intensely  pleochroic  basaltic  hornblende  can  be  seen 
to  have  escaped  the  general  alteration.  Some  large  masses  of 
granular  epidote  surrounded  by  opaque  earthy  material  occur  in 
considerable  areal  proportions.  Cataclastic  feldspars,  too  far 
affected  by  decay  to  leave  their  exact  nature  determinable,  are 
present  in  no  great  abundance.  The  groundmass  is  cryptocrys- 
talline.  Broken  apatite  needles,  and  magnetite  with  associated 
leucoxene,  constitute  the  accessories. 

Large  bodies  of  sheared  andesite  (PI.  29B)  occur  on  Cr>^stal 
Creek  at  an  altitude  of  10,000  feet.  Its  color  is  a  dark  grayish 
green,  interspersed  with  numerous  regular  patches  of  flaky  bio- 
tite.  These  aggregates  assiune  rectangular  forms,  uniformly 
oriented,  and  suggest  a  derivative  origin  from  former  pheno- 
crysts.  In  this  section  a  very  abundant  generation  of  large 
feldspar  phenocrysts,  affected  by  dynamic  agencies  and  nearly 
obliterated  by  kaolinization,  becomes  apparent  between  crossed 
nicols.  Some  of  the  feldspar  crystals  still  show  evidence  of  their 
triclinic  character,  and  upon  a  favorable  section  a  symmetric 
extinction  angle  of  22°  was  obtained.  Dark  aggregates  of  flaky 
biotite  are  common,  but  nothing  can  be  discerned  as  to  their 
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urigui.     Tlir  m«trix  u  crj'pWwrv-staUine,  and  conWiii"  a  preM 
iImI  i<r  ehlnritie  matUT  rt.i'-kwi  throoKh  it.    Some  aecesaory  mag- j 
nelilc  with  pyril*  itirw*.  and  sonn-  s»vond«r3-  epidote  are  nI«04 
found. 

THE  CONTACT. 

It  lins  bwti  pnintpd  oat  that  thi-  wdimentflry  rocks  form  t 
einnicnti-d  belt  surronndt-d  by  uranitea.  The  viuorons  erosive  1 
nrtivity  has  laid  bjire  Ihe  contact  at  Dumermw  points  and  haa  ' 
n>vpal(Kl  plpftriy  iht-  intmsiv(>  natiin-  of  Ihi*  plnlonic  rocks. 

Ptirpiiyritii"  uiodificatiouH.  and  in  une  Jiistanee,  a  rade  Kncisaie  ' 
fitnieture.  are  occasionally  developed  as  niarpnal  facies.  The 
porplyritic  modifiealion  is  best  displayed  at  the  upp^r  Moiiareb 
Lake.  Thi-  iiratiite,  here  a  eoanie  ipjartwiw  mieroeJine  granite 
«f  normal  hypidioniorphic  habit,  is  eoiivprteri  at  the  contnct 
into  n  L-losfly  crowded  aiwfinblage  of  microcline  phcuocrj-sts 
embedded  in  a  line  );raiiied  iiiesoatasis  consistinK  of  ijunrtr  nod 
Riiiall  fliiknt  of  biotite.  A  similar  modification  is  found  on  th«^ 
wwrteni  sudi>  of  the  belt  in  the  White  Chief  eirque.  | 

The  imiptive  is  iniffiTiipanit'd  by  i-xtcnsively  raniifyiiiK  s\f>- 
tems  of  apophyses,  which  are,  however,  never  very  long.  The 
lonui'st  found  was  20  fwt  thick  and  followed  the  strike  of  the 
schists  nearly  a  thousand  feet.  The  larger  veins,  as  a  j.'eni-rai 
rule,  <'ut  Jicross  the  sehislosity  at  random,  but  the  aniistoimwiujr 
s,vs1cni  (if  capillaries  to  which  they  (rive  rise,  tend  to  seek  out 
the  planes  of  weakness.  Their  Bnoness.'and  acutely  serpentine 
character,  nrjrue  a  t;rcat  dcfrree  of  Hnidity  for  the  intrusive 
niatrnia. 

Iti  addition  to  the  thermal  metamorphic  influenee  of  the 
fjraiiilc,  it  has  at  points  been  active  dynamically  also.  ^\'est  of 
liie  Tiiiibcr  (lap,  the  irruptive  has  locally  bent  the  schists  from 
N.  4."»  W.  around  to  N.  '2'i-  E.  and  back  afrain  to  the  normal 
strike.  Kxtensive  shattering  of  the  strata,  especially  in  the 
Silver  Liikes  region,  has  taken  place,  but  the  results  are  compli- 
cated by  the  internal  movements  which  the  belt  has  undergone. 

The  granite  at  the  contact  frequently  contains  included  large 
numbers  of  angular   fragments  of  schists.     Occasionally   they 
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show  some  rounding  of  the  edges,  and  even  embayment,  or  may 
be  surrounded  by  a  resistant  aureole  which  causes  them  to 
weather  in  relief.  Aplite  dykes  and  pegmatites  are  common  at 
the  contacts  and  vicinity,  and  were  noted  to  fault  from  two  or 
three  inches  the  basic  segregations  previously  described. 

CONTACT  METAMORPIIISM. 

The  conditions  are  distinctly  unfavorable  for  the  systematic 
study  of  contact  metamorphism.  This  is  principally  due  to  the 
fact  that  in  the  great  majority  of  cases  the  strike  of  the  strata 
is  nearly  parallel  to  the  contact.  Both  ends  of  the  belt  are  unfor- 
tunately obscured,  either  by  morainal  debris  or  by  decomposition 
products.  Other  deterrent  factors  are  the  shattered  condition 
of  the  strata  near  the  granites,  and  the  frequently  inaccessible 
position  of  the  contact  on  precipitous  cirque  walls. 

This  last  cause  was  especially  felt  in  the  case  of  a  meta- 
morphic  clay  slate  in  the  Crystal  Lake  cirque.  The  contact  could 
not  be  approached  closer  than  about  400  feet.  At  this  distance 
the  rock  is  dense  and  fine  grained,  massive,  and  of  dark  slate 
blue  color.  Scattered  through  it  in  sparse  porphyrinic  fashion 
are  small  prisms  of  tourmaline,  1  mm.  in  diameter  and  several 
mm.  in  length,  lender  the  microscope  the  tourmaline  shows 
a  nearly  circular  cross-section  of  vellowish  brown  color.  The 
section  is  fairlv  homo«reneous  and  free  from  inclusions  of  the 
groundmass,  but  is  surrounded  by  a  heavy  peripheral  fringe 
of  carbonaceous  material.  The  tourmaline  contains  some  liquid 
inclusicms  which  are  disposed  in  radial  fashion.  The  matrix  is 
composed  of  rectangular  and  (luadratic  andalusite  sections  em- 
bedded in  a  small  amount  of  interstitial  qua  Hz,  and  a  large 
quantity  of  black  opacjue  material,  forming  nearly  half  the  bulk 
of  the  slide.  Ignition  caused  the  rock  to  bleach,  proving  that  the 
included  material  is  of  organic  origin.  The  andalusite  is  filled 
with  carbonaceous  matter,  which,  however,  shows  little  or  no 
tendency  to  systematic  orientation.  In  one  or  two  instances 
only  was  a  crude  chiastolite  cross  noted.  Pleochroism  is  absent, 
and  differences  of  absorption  are  feeble.  Some  small  patches  of 
brow^nish  biotite  are  also  found. 


^  Uttiverinhj  of  Califorma  Publicallons. 

The  Uini^Uinv*  Iiavi>  in  nil  casea  Ixniome  Toarmorized  near 
the  ponta(rts.  In  the  Whit<>  Chief  cirque  north  of  Vandever  Mt. 
are  Urge  beds  of  coaraciy  crystalline  white  limestone  paralleling 
the  conlaet,  which  is  marked  by  a  four-foot  zone  of  pirnet  rock. 
The  limestone  contains  bodit*  of  inajjnetite  ore,  and  large  meta« 
somatic  deposits  of  zinc  blende.  Pieces  of  the  sulphide  ore  ar» 
frequently  studded  with  small  honey-yellow  Rarneta  (^rossular- 
ite).  Under  the  niicroscope  the  gnmet  n>ek  is  seen  to  he  com- 
posed for  tlie  moBt  part  of  common  pamet,  entirely  isotropic. 
Some  monocliiiic  pynixeiie  of  reddish  hrown  color  and  of  refrac- 
tive index  very  near  that  of  the  associated  garnet  is  present  in 
small  amount.  Its  extinction  angle  exceeds  40^.  and  it  there- 
fore falls  toward  the  hedenberKite  end  of  the  diopside  seriesj.1 
A  little  wollastonite  is  also  found.  Cnlcile  forms  an  irresnlaf, 
mesostasis  serving  to  bind  together  the  other  constituents. 

A  local  phase  of  the  metamor|)hism  of  the  limestone  \s  a  fins" 
grained  variety  specked  with  small  particles  of  a  dark  greenisfc 
mineral.  The  microscope  shows  that  the  dominant  eonstitneati 
is  a  dusty  looking  carbonate.  Associated  with  it  in  smaller  pro- 
portions is  a  dear  limpid  mineral  displayinsr  the  characteristic 
calcite  twinning.  A  qualitative  test  of  the  rock  gave  a  large 
precipitate  of  magnesium,  indicating  that  the  brownish  car- 
lM)natc  is  jirohably  dolomite.  Subaidiarj-  amounts  of  diopside, 
which  have  frequently  been  converted  to  colorless  serpentine 
aggregates,  are  also  found.  Areas  of  fibrous  chalcedony  are 
quite  common.  Some  little  reddish  brown  garnet  and  a  few 
granules  of  magnetite,  which  were  not  associated  with  the  ser- 
pentine, constitute  the  accessories. 

Along  the  creek  descending  from  the  9,883-foot  Peak  the 
following  section  is  exposed  across  the  strike,  N.  45°  W.  r — 

Piirpliyritic  horn  blende — biotite  granite. 

Shpared  quartz  porphyry 300  feet 

SilieeouB  schist 3  ' ' 

(.'lay  slates 50  " 

Bauiled  qitnrtzito  150  ' ' 

(containing  a  graaite  dyke  S  feet  wide.) 

Knotted   schist 25  " 

Crystalliiie  limestone,  hnnrted  blue  and  white 75  " 

Blue  crystalline   limestone 50  " 

Luminaterl  quartzite   40  " 

Hcrnfela     10  " 

SchistoBe  quartzite 50  " 


I 


i 
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The  knotted  schist  is  a  slate-colored  rock,  distinctly  schistose, 
and  owes  its  knotted  character  to  the  accumulation  of  biotite 
flakes  on  its  cleavage  surfaces.  Perpendicular  to  the  foliation 
planes  the  knots  form  flat  lentils  less  than  1  mm.  thick,  and 
var>'ing  up  to  1  cm.  long.  Under  the  microscope  the  very  finely 
granular  character  of  the  rock  becomes  apparent.  A  large 
amount  of  minute  biotite  scales,  of  chocolate  brown  color,  is  uni- 
formly distributed  throughout  the  slide.  Equally  noteworthy 
are  numberless  small  stout  tourmaline  prisms  of  sharp  idio- 
morphic  habit.  In  some  crushed  quartz  aggregates  white  mica 
has  been  developed.  The  bulk  of  the  rock  is  quaiiz,  but  all  evi- 
dences of  clastic  origin  have  been  obliterated.  Some  darker 
colored  areas  of  irregular  elliptical  shape  are  found,  and  seem 
to  owe  their  peculiar  constitution  to  aggregations  of  overlapping 
scales  of  micaceous  material. 

The  hornfels  is  an  extremely  tough  and  compact  rock  of 
dense  grain  and  dark  slate  blue  color.  The  characteristic  fea- 
ture under  the  lens  is  the  rather  abundant  development  of  anda- 
lusite,  usually  in  rude  radial  aggregates.  Crj^stallographic  out- 
lines are  rare,  but  the  sections  tend  to  assume  a  longitudinal 
habit.  They  are  colored  brownish  due  to  included  carbonaceous 
material;  pleochroism  is  not  appreciable.  The  absorption  is 
fairly  strong  and  is  a  maximum  in  the  direction  of  the  length. 
The  main  mass  of  the  slide  is  finely  granular  quartz,  containing 
a  large  amount  of  pyrite  and  carbonaceous  matter.  This  abund- 
ance of  included  material  masks  the  presence  of  the  andalusite 
in  ordinary  light,  but  between  crossed  nieols  its  brighter  inter- 
ference colors  (yellows  and  blues  of  the  1st  order)  cause  it  to 
stand  out  in  conspicuous  contrast. 

Some  limited  cases  of  thennal  metamorphism  of  the  volcanic 
rocks  were  found,  chiefly  to  the  west  of  Timber  Gap.  At  the 
contact  of  the  granite  and  the  quartz  porphyries  a  narrow  zone 
of  hornfels,  two  to  three  inches  wide,  has  been  formed.  It  is 
perfectly  massive,  extremely  tough,  and  has  a  sort  of  vitreous 
lustre.  Under  the  microscope  quartz  is  found  to  be  the  dominant 
constituent.  It  is  characterized  by  containing  numerous  cir- 
cular,  and  even    rectangular   liquid   inclusions.     Orthoclase   is 
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carved  out  in  the  clay  slates,  and  it  is  doubtless  due  to  this  de- 
pression beneath  the  zone  of  most  vinous  erosion  that  the  rocks 
of  this  belt  owe  their  preservation.  The  sides  of  the  trough  are 
occasionally  visible,  especially  upon  the  cirque  walls  on  the 
eastern  side,  and  at  Silver  Lake  the  contact  is  revealed  to  a 
depth  of  over  500  feet.  The  exposure  shows  that  the  g:ranite 
abuts  upon  the  sedimentary'  rocks  in  a  locally  uneven  and  irresru- 
lar  surface,  but  one  which,  in  greneral,  approximates  verticality, 
or  even  inclines  slightly  to  the  east.  At  other  points  it  could 
be  seen  dipping  to  the  w^est.  Detailed  mapping  on  the  contour 
sheet  shows  that  the  contact  planes  depart  indifferently  from 
the  vertical.  The  fact  that  the  belt  becomes  narrow  on  low 
ground  indicates,  however,  that  the  planes  tend  to  converge, 
rather  than  diverge,  with  increasing  depth.  The  map  shows  the 
close  relation  between  the  dimensions  of  the  belt  and  its  internal 
structure.  The  great  narrowne*ss  across  the  strike  and  the  rela- 
tively great  length  are  immediately  apparent.  The  correspond- 
ence between  strike  and  prolongation  is  complete  south  of  Fare- 
well Gap,  but  to  the  north  a  divergence  sets  in,  amounting  to  as 
much  as  20°.  In  spite  of  the  close  accordance  between  the  length 
of  the  belt  and  the  strike  of  the  strata,  it  will  be  noted  that  the 
course  of  the  contact  is  often  directly  across  the  edges  of  the 
schists.  Along  the  entire  periphery  evidences  of  the  intrusive 
nature  of  the  granites  are  abundant,  and  the  various  criteria  for 
the  discrimination  of  irruptive  contacts  are  everywhere  visible 
in  the  form  of  intrusion  breccias,  apophyses,  marmorization  of 
the  limestones,  and  the  formation  of  horn f els  zones.  Numerous 
fragments  of  schists  included  in  the  granites  show  that  the 
schistification  of  the  series  preceded  the  ascension  of  the  plutonic 
magmas,  and  this  evidence  is  in  confirmation  of  the  relations 
found  to  hold  true  throughout  the  Sierra  Nevada  that  the 
schistosity  of  the  invaded  formations  is  independent  of  the  con- 
tact planes,  and  was  not  produced  by  the  intrusive  igneous 
rocks.* 

The    post-granitic    invasion    of    the    sedimentary    series    on 
Monarch  Creek  by  the  tonalitic  magma  has  produced  a  deep 

•  Turner,  however,  cites  an  excei)tion  from  the  Bidwoll  Bar  Quadrangle. 


Unh'fnity  of  CaKfomia  PubKcatmu:, 

ftnb«,viin'Ut  in  tht-  poiituPt  line  and  hnii  ianlated  a  heavy  body  of 
gjinu't  rfK'k  which  eapt*  the  suitunit  of  the  11.5^U-foot  ridpt".  A 
aiiiall  pati?h  of  §irhiHbi  at  the  lake  at  the  head  of  CVift  Cr<.-^k 
aeeius  to  nwf  itu  position  to  the  same  canse,  and  is  now  aatelHtic 
to  thp  main  luafis.  With  these  exceptions  the  Minei'al  King  belt 
cuiiMtitiiteH  an  isolated,  integral  unit,  surrounded  by  granites  of 
«yiiehronons  origin. 

The  periphery  of  the  belt  is  lined  with  granite  peaks  whieh 
eomnioiily  exceed  12,000  fert  m  altitude — Sawtooth,  12,340  feet, 
Floreueo,  12.405  fwt,  and  other  peaks  unnamed  as  yet.  West 
of  Vandever  the  granite  plateau  maintains  a  height  of  11,200 
feet  with  individual  peaks  rising  to  11,800  feet.  North  of  Cliff 
<'reL'k  the  vast  aKscmljlago  of  granite  peaks  "like  the  hillow.t  of 
a  choppy  wn,"  fall  into  a  general  level  at  12,000  feet.  The 
lowcirt  exposure  of  the  sedimentary  rocks  on  Clilf  Creek  waa 
found  at  7.000  feet,  or  n  difference  of  5.000  feet.  Even  in  the 
heart  of  the  belt,  that  is,  at  the  Kite  of  Mineral  King,  the  differ- 
ence in  attitude  Mween  the  highest  and  lowest  exposure  of  the 
sedimentary  series  is  moi-e  than  4,000  feet.  If  we  assume  that 
Sawtooth.  whieU  is  on  the  immediate  periphery,  approximates 
toward  the  former  surface  of  the  batholith,  the  difference  will 
amount  to  more  than  5,000  feet.  The  contact  passes  through 
Ihf  reiriou  of  iiuixiiiiuiii  L'lneial  degradation  where  the  mountain 
cresls  lijivo  often  hwn  reduced  not  less  than  one  thou.sand  feet,* 
It  is.  then-fore,  evident  that  5,000  feet  represents  a  niininunn 
e.stimatc  of  the  aninunt  of  depression  of  the  sedimentan,'  series 
beneath  the  general  level  of  the  granite  surface. 

A  l)elt  of  sti'atiiicd  ror-ks  thus  surrounded  and  enveloped  by 
plutonie  niagnuis  was  situated  in  e-xtrcmely  favorable  environ- 
ment for  the  operation  of  thermal  metamorphic  agencies.  Yet 
the  alteration  effected  has  been  small,  and  always  local.  The 
large  body  i)f  clay  slates,  which  examination  shows  to  be  the 
most  susceptible  to  melamorphism.  are  practically  unaltered. 
This  is  all  the  more  surprising  when  considered  in  the  light  of 
the  facts  from  other  portions  of  the  Sierra  Nevada.  Turner  re- 
ports upper  Jurassic  (Mariposa)  clays  slates  metamorphosed  to 
•.\.  C.  l.iiMs..ii,  Hull.  Dqit,  Opol.  Univ.  Ciil..  Vol.  3.  p.  3(11. 


YoL.  4]        Knopf-Thelen. — Geology  of  Mineral  King.  261 

chiastolite  schists,  over  a  distance  of  6,500  feet  along  the  strike. 
At  Cisco  on  the  Colfax  Quadrangle  Lindgren  has  mapped  in 
several  square  miles  of  homfels  rocks,  and  has  shown  the  exist- 
ence of  a  broad  contact  zone  half  a  mile  wide  and  several  miles 
long.  The  conditions  there  parallel  closely  those  obtaining  at 
Mineral  King.  The  plane  of  intrusive  contact  is  nearly  ver- 
tical, and  is  in  its  general  trend  closely  coincident  with  the  strike 
of  the  invaded  formations. 

The  belt  of  rocks  with  which  we  are  concerned  narrows  down 
south  of  Farewell  Gap  to  as  small  a  thickness  as  4,200  feet  across 
the  strike.  The  major  portion  of  the  series  consists  of  normal 
clay  slates,  and  comprises  the  axis  along  which  the  valley  of  the 
Little  Kern  has  been  eroded.  Two  conditions  were  unfavorable 
to  the  uietamorphic  activity  of  the  granite ;  firstly,  the  verticality 
of  the  contact  walls,  and  secondly,  the  parallelism  of  the  strike 
of  the  strata  with  the  contact  plane.  Opposed  to  these  unfavor- 
able jconditions  were  the  great  narrowness  of  the  belt,  and  the 
simultaneous  supply  of  heat  from  two  opposite  sides.  The  de- 
gree of  metamorphism,  therefore,  appears  relatively  small,  and 
is  but  insignificant  when  compared  with  what  has  been  effected 
in  other  portions  of  the  Sierra  Nevada  under  less  favorable  con- 
ditions. The  frequent  occurrence  of  tourmaline  in  the  invaded 
formations,  both  sedimentary  and  volcanic,  seems  to  show  tlinl 
pneumatolytic  processes,  at  least,  have  been  comparatively  ac- 
tive. 

The  description  of  the  intrusive  nature  of  the  contact  shows 
tfiat  the  trough  in  which  the  sedimentary'  rocks  lie  embedded 
cannot  have  originated  through  faulting,  either  of  simple  or 
graben  character.  The  irruptive  character  of  the  granites  lias 
been  sufficiently  emphasized  and  the  detailed  evidence  presented 
as  to  the  sunken  condition  of  the  stratified  belt  of  rocks.  It  is. 
therefore,  evident  that  the  Mineral  King  lens  represented  a  por- 
tion of  the  batholithic  roof  which  has  foundered  during  the  intru- 
sive ascent  of  the  igneous  magma.  The  granites  were  still  in  a 
highly  mobile  condition  when  this  event  took  place,  but  evidence 
deduced  from  the  incommensurate  degree  of  thermal  meta- 
morphism seems  to  indicate  that  the  submergence  did  not  long 
antecede  the  final  consolidation  of  the  magma. 


VHrioiis  i«evere  inteniHl  movements  have  uffeeted  Ibc,  strati- 
fled  rocks.  At  Timber  Oap  comiir«wivp  forces  nctinif  nlorig  Uw^ 
Btrikp  havi'  caiisttl  severe  buckling  i»C  llie  limestomj  beds.  On 
Crystal  Creek  the  wime  fortwa  aetiiig  as  an  oblique  shear  have 
shoved  the  beds  over  one  another,  and  have  produced  an  appear- 
ance ri'sembliui;  an  crosiooal  iinconfomitty  (Plate  29A).  T)io 
angular  diswirdunee  amounts  tn  H",  The  apex  of  tVwf  iittiit« 
nni;le  is  occupied  by  brccciated  mosses  of  i^uartzite,  and  cnutlied 
horses  of  quartzite  are  common  in  the  limestones.  On  the  oppo- 
site  side  of  the  ridge  shown  in  the  photograph  the  strata  have 
been  intensely  shattered  and  contorted.  Owing  to  the  near 
proximity  of  the  contact  it  is  impossible  to  discrimtnalc  Hue 
thermaj  rending  from  the  crumpling  due  to  a  sort  nf  buttreitit 
action. 

Tlic  grnnites  of  the  region  ebow  no  macroscopic  evidences  of 
defonimtion.  The  microscopic  invest  igutJ on.  however,  showed 
frequent  straining  of  the  quartz,  and  occa)«ion«]  fuultiap  at 
apatite  needles.  These  minor  cataclestic  phenomena  ootiKtitute 
the  last  page  in  the  diastrophie  record  of  the  Mineral  King  area. 

University  of  Califomm. 
May,  i!)0.i. 
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INTRODUCTION. 

Although  considerable  attention  has  been  paid  to  the  question 
of  ocean  currents  oil'  the  west  coast  of  the  T'nited  States,  yet 
much  work  remains  to  be  done,  that  accui'ate  information  as  to 
the  limits,  direction  and  temperature  durintr  llie  year  of  the 
various  streams  or  drifts  may  be  ascertained.  The  Pilot  Charts 
of  the  North  Pacific,  issued  monthly  l)v  the  United  States  Ilvdro- 
graphic  Office,  give  for  each  of  the  four  seasons  a  somewhat 
schematic  current  chail  which  is  virtually  a  composite  of  the 
observations  received  by  that  office.  Tpon  the  face  of  each 
sheet  there  is  a  statement  printed  in  red,  calling  attention  to  the 
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tiicnger  dalu  upon  whiph  the  cnrrents  are  charted.  In  the 
prepBi-ation  i>f  the  Pilut  Charts,  only  aetiial  reports  by  oiBcert' 
cptiKing  in  the  Pacifil.^  iire  funsidert'd  (ind  particular  attention  in. 
nliMiTvin^  nnd  reporting  eurrents  is  r&^uested  of  all  n 

Tlif  ammint  of  current  reported  by  a  vessel  is  the  differ 
in  the  position  of  the  vessel  each  day  as  obtained  by  dead  reck< 
iiig  and  the  position  obtained  by  astronomical  observatJo 
jicttiny  tho  position  by  dead  i-epkoninp.  there  are  several  souroM' 
of  errf>r.  Anionp:  these  are  the  variation  of  the  log  in  finding' 
the  velocity  of  the  Bhip.  the  faihire  of  the  man  at  the  wheel  Is 
hold  the  ship  accurately  to  the  preserilied  course,  and  the  uitJ 
Certainty  lu  to  the  exaet  viiriation  <if  the  ma^etie  needle.  Thi* 
last  souree  of  error  may  be  of  eonsiderabie  amount.  Thn  XortlE 
Pacific  Pilot  Chart  for  February  1904  says:  "Takinp  thi 
whole  of  the  navigable  world  into  consideration,  it  would  bl 
conservative  to  state  that  the  general  uncertainty  in  the  tieadis) 
of  a  ship  at  sea,  arising  from  an  inaccurate  knowledge  of  tlv 
variation  of  the  needle,  is  aa  much  as  two  degrees,"  This  alonti 
would  make  a  discrepancy  of  15  to  20  miles  between  the  calen- 
lalcd  and  the  true  position  of  a  fast  steamer  at  the  end  of  each 
day's  run.  Turning  to  the  other  half  of  the  problem,  it  is 
fimnd  that  a  pi-obable  error  of  2ij  miles  must  be  allowed  in 
ol>t;iti)ii)g  till'  true  position  by  ii.stronomifa!  observation.*  The 
ditVereiiee  bi'twreii  the  ship's  position  as  deterniiucd  by  these 
twij  iriftboils  with  llie  possible  smirces  of  error  is  reported  as 
cm-rent  or  di'ifl.  Il  is  well  to  note  that  the  reports  of  slenmers 
have  ni.t  tli.-  same  value  as  thtise  of  sailing  vessels.  The  sailing 
vcs-sel  is  occasiiuiiilly  becalnicd  for  an  entire  day  and  then  the 
<lill'i'rcnec  in  position  between  two  astronomical  observations 
gives  a  reasonably  accurate  detenu inat ion  of  the  drift.  The 
normal  rate  of  a  ship  being  known,  it  would  seem  as  if  il  niitrht 
fully  be  allowed  for.  and  hence  the  current  might  be  determined 
fnini  a  ves,sel  under  wn.v.  with  an  etjual  accuracy  as  from  a 
di'ifting  .ship.  This  would  be  trne  were  it  not  for  the  fact  thai 
ocean  eniTcnts  and  drifts  are  not  large  masses  of  unifiirail.v 
niDving  water,  but  rather  relatively  narrow  streams  with  bands 

*  Kstimiite  by  I'nifi^ssor  George  Dnviils<in. 
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of  calm  water  or  even  counter  eddies  between.  A  steamer  mov- 
ing rapidly  may  pass  through  several  narrow  streams  of  differ- 
ing velocity  or  even  differing  direction  and  its  report  of  current 
would  then  be  the  algebraic  sum  of  the  various  currents  en- 
countered. A  becalmed  ship  or  even  a  slow-moving  sailing- 
ship  is  apt  to  remain  in  one  stream  for  the  entire  24  hours. 
This  is  supposed  to  account  for  some  of  the  widely  differing 
reports  of  sailing  vessels  and  of  steamers  in  traversing  the  same 
region.  With  the  increasing  commerce  of  the  Pacific  the  num- 
ber of  reports  from  both  steamers  and  sailing  vessels  will  in- 
crease, and  reasonablv  correct  information  will  be  obtained  for 
the  zones  travei'sed  by  regular  vessels.  P^'or  the  parts  of  the 
ocean  out  of  the  usual  courses  laid  down,  reliance  must  be  placed 
in  the  scientific  expeditions  devoted  to  oceanic  research. 

An  important  addition  to  the  reports  of  currents  encoun- 
tered by  vessels  are  the  so-called  "bottle  tracks.''  Bottles 
usually  made  of  rubber  are  thrown  overboard  with  an  inclosed 
slip  giving  the  latitude  and  longitude  of  the  ship  at  the  time. 
On  the  bottles  is  a  printed  request  that  they  at  once  be  returned 
to  the  authority  conducting  the  investigation,  with  a  statement 
of  the  time  and  place  of  finding.  The  bottle  track  is  the  line 
connecting  the  place  of  starting  and  the  place  where  found. 
A  minimum  rate  of  drift  is  thus  established.  The  line  of  drift 
and  the  time  that  the  bottle  may  be  stranded  on  some  coast 
before  being  found  are  the  elements  of  uncertainty.  If  the 
bottle  is  so  weighted  as  to  expose  practically  no  surface  to  the 
wind,  its  movement  depends  entirely  on  current  or  drift  and 
** bottle  tracks''  thus  form  a  valual^le  element  in  current  deter- 
mination.       * 

A  third  important  source  of  inf'onnntion  is  found  in  the 
constantly  growing  mass  of  data  on  ocean  teniperatui*es.  The 
thermometer  is  one  of  the  most  reliable  instruments  in  deter- 
mining currents.  Unfortunately  much  of  the  data  for  ocean 
temperatures  on  this  coast  is  scattei-ed  through  the  reports  on 
file  in  the  Hydrographic  Office  and  is  not  accessible  to  the 
public.  It  is  to  be  hoped  that  more  of  this  will  be  tabulated 
and  made  available  to  investigators  as  has  been  done  by  Mr.  C. 


II.  Trjwniswul*  fur  the  work  of  the  Albatross  for  the  yewrs  ISSS- 
1900,  The  oritdnal  observations  upon  whieh  this  paper  is  based 
are  found  largely  in  Mr.  Towiwtoitd 's  wmpiiation  and  iu  thp 
valuable  work  of  Admiral  Makarofff  which  tabulates  temppm- 
turt«  t«ki*ri  ill  the  North  Paeifip  from  1804  to  1S90.  but  does  not 
inchide  thn  work  of  the  Albatrosfi, 


TKMJ-BUATrUK  illlKEKVATIONB  OP  THE  Ti:fi(AKOR.V.J 

Some  of  thf  most  marked  iH-enliaritic^  in  the  temperatiii 
distribution  ofV  \]w  west  iroast  of  the  lTnit<Mi  States 
shown  li.v  labniating  the  ohservationa  of  ('oinraander  Helknap 
of  the  V.  S.  S.  Tiiscarora.  In  ISTi  tho  Tnsearora  had  been  de- 
tailed (or  the  purpose  of  finding  b  suitable  route  for  a  eable 
iK'tweon  the  Untti-d  States  and  Japan.  A  series  of  soundings 
was  mdde  on  lint«  nmning  west  from  the  Pacific  Coast  to  deter- 
mine the  slope  and  the  general  nature  of  the  ocean  bottom  near 
shoi'c.  Incidentally  the  temperature  of  the  ocean  water  was 
taken — the  series  of  ohser\'alion8  i«  fairly  eomplete  for  surfaee 
and  bott-om  temperatures  but  mther  incomplete  for  serial  tem- 
peratures showing  the  conditions  at  intermediate  depths.  The 
surface  temperatures  obtained  on  14  lines  running  approsi- 
mati'ly  ivi'st  from  the  coast  and  at  intervals  from  Cape  Flatlen.- 
to  San  Diego  are  given  in  the  table  herewith.  The  first  tem- 
pefiituri'  in  I'iieh  line  is  Ihe  temperature  found  nearest  shore. 
I'lifortunntcly  this  i.s  not  at  a  constant  distance  from  the  coast 
line.  AVhcre  the  dilTerenee  is  material,  the  first  sounding  is  set 
n\iT  a  coiTcsponiling  amount  in  the  table. 

The  first  line  of  soundings  was  made  September  17  lo  20. 
ISTrt:  the  eight  lines  from  Flattery  Rocks  to  San  Francisco.  Oc- 
tober 20  to  November  (i ;  the  lines  between  San  Franeiseo  and 
Sail  Di.'g"  fr'iiiL  December  20  to  ;10.  As  these  observations 
w-\r  ilishibulcd  over  a  period  of  three  mouths,  each  line  of 
soundiriiis  must  be  taken  by  itself  to  avoid  confusing  seawinal 

-  r.  S.   risli  Cnmniifaiiin,  Report  for  1900,  |.[,.  3.S7-562. 
t  ,\hik:in^lT.  S.  \a-  Vitiai  ct  I/Oi^miii  Fnt^iGqiip,  Si.  PcterBlmrg,  1S1I4. 
;  UvlkMiip.  <i.Hi.    H;.,   Dwp  Sea   Soumlinga  in   thf   North   Pacifii-.     U.  8, 
i{v.lri.j;r:ijilM.'  Olllr-.',    ISH. 

riniznl  ;ilsi>  hi   M!ik.irolI'a  work. 
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UnivfrHily  of  Califorma  I'u/iUcalioiui. 


ahangps  to  chungiv  duo  t<»  difTt-i-eiiPcs  in  liititudp  nr  Iti  dwtnncp 
from  the  wast  line.  In  the  published  records  nf  the  ohscmi- 
tionti  we  are  not  (riven  the  linn-  of  ihi-  day  nor  the  condition  of 
the  weather.  According  to  Binihan's  diaeuasion  of  the  Chsl- 
!eii|fer  observnlioii.  the  daily  variation  of  the  teinperature  of 
the  Kiirfaec  of  the  sea  does  not  exci-ud  1'  F.  In  gt-nerKl  tho 
ditferpiiees  ponsidered  in  this  puiHT  t.'rentl.v  exci^-ri  that  anmiint. 

The  first  line  of  tpiupernlnren  in  the  table  is  but  a  purl  of  b 
survey  cxtendinK  fnnri  Capp  Flattery  nearly  to  Diiti*h  IlnHior 
on  the  inltuid  of  Tnalaska,  made  during  the  latter  part  of  S<'p- 
tember,  1873.  The  firBt  t*'mperaturi-  near  shore  was  50.4°.  In 
Roinp  westward  120  miles  and  northward  ahotit  40  miW,  tl 
tcnipuriituri'  int-reased  to  59\  From  this  point  the  rest  of  tbi 
survey  sliows  a  pradnally  falling  temperature,  but  the  iiiitji 
temperature  of  50"  was  not  again  reueh«d  until  the  vetwe)  ' 
nearly  l.OOO  milea  to  the  westward,  about  370  miles  north  of 
Ktiirting  point  and  only  some  200  miles  from  the  island 
Kadiak  on  the  Alaska  Coast. 

This  increase  of  tt-mpi^rature  on  first  Kwviiig  the  eoast 
the  siilisi'r|Uftil  slow  decTPuse  are  more  striking  when  it  is 
sidered  that  the  last  records  were  made  two  weeks  later  in  the 
Muluiiin  Ihiin  the  first. 

Thi'  (ii'xt  I'iabt  Ilol's  of  survey  represented  in  the  tahle  ex- 
lend  iiir  shore  from  1(U»  to  '200  miles.  Their  leiifrths  are  shown 
approximJiti'iy  in  ihe  table  where  each  eolumn  represents  l.">' 
uf  iiiii^ilnde.  These  lines  uniformly  indicate  that  the  water 
near  shore  is  colder  than  that  further  to  the  westward  along 
the  entire  coast  from  the  Straits  of  Fuca  to  San  Francisco. 
Tlic  liiwesl  Iciiiperatiires  obtained  are  at  Cape  Mendocino  and 
Trinidad  Head  and  are  at  the  two  stations  whieh  are  the  elosest 
inshore.  They  are  also  near  the  ehaiige  to  the  southeast  in  the 
direction  of  the  coast  line.  It  is  noteworthy  that  these  lowest 
temjieratiires  are  not  those  found  further  north.  On  the  con- 
trary, according  to  the  data  now  at  hand,  it  is  more  than  iiOO 
niiles  to  the  northward  before  surface  water  as  cold  as  that  near 
the  coast  between  Cape  Blanco  and  Cape  Mendoeino  is  reached, 
during  the  late  sununer  and  the  early  fall. 
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Southward  of  San  Francisco  the  temperatures  in  the  table 
do  not  show  such  marked  variations.  The  first  three  lines — all 
north  of  Point  Conception — are  in  harmony  with  the  existence 
of  an  inshore  belt  of  cold  water.  South  of  Point  Conception 
there  is  no  evidence  of  such  a  cold  belt.  As  indicated  in  the 
table  the  lontrth  of  the  lines  south  of  San  Francisco  is  less  than 
that  of  those  to  the  north.  The  Point  Sal  and  the  San  Nicolas 
lines  also  varv  jrreatlv  from  east  and  west  lines. 

South  of  Point  Conception,  the  sul)mariiie  plateau  or  con- 
tinental shelf  is  much  wider;  that  is,  there  is  a  much  broader 
area  of  comparatively  shallow  water.  This  wider  continental 
plateau  and  the  bend  in  the  coast  line  at  Point  Conception  are 
probable  elements  in  the  causes  which  determine  the  absence  of 
a  marked  inshore  belt  of  cold  water  off  southern  California. 

The  temperatures  in  the  table  with  thase  obtained  by  the 
Tuscarora  in  the  cable  survey  from  San  Die^ro  to  Honolulu  have 
been  laid  off  on  the  coast  survey  charts;  the  cable  survey  tem- 
peratures, like  the  others  already  considered,  give  no  indication 
of  a  cold  belt  near  shore,  south  of  Point  Conception.  For  the 
first  150  miles  from  San  Diego,  the  surface  temperatures  vary 
from  58""  to  59^.  Beyond  that,  the  temperature  slowly  rises  as 
the  line  runs  to  the  west-southwestward  to  the  Hawaiian  Islands. 


TEMPERATURE    OBSERVATIONS    OF    TPIE    ALBATROSS. 

In  1891-2  two  surveys  w^re  made  by  the  U.  S.  S.  Albatross, 
between  Monterey  Bay  and  Honolulu — the  one  on  a  great  circle, 
the  other  on  a  rhumb  line.  On  the  great  circle  line,  the  surface 
temperatures  for  the  first  150  miles  vaiy  from  54^  to  56^.  It 
then  rises  to  59^,  drops  to  oT"",  and  rises  to  62^.  After  that  it 
rises  slowly  as  the  line  runs  toward  the  tropics.  The  observa- 
tions on  the  Monterey  end  of  the  sui-vey  were  made  in  October, 
1891.  On  the  rhumb  line  in  January,  1892,  the  temperature 
off  Monterey  Bay  was  52°,  rising  to  59°  in  140  miles.  Even 
with  a  liberal  allowance  for  the  southing  made  on  these  lines, 
the  surface  temperatures  near  shore  are  distinctly  lower  than 
further  to  the  westward. 
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The  vertionl  diKtribnlioii  of  temperature  on  these  two  linai 
is  shown  on  the  isohathynictrical  charta  (n-coiiiimnyiiig  the  re- 
pnrt  of  the  survey.'  In  Iwth  Ktawt  tlif  iwthathytherais  in  the 
upper  part  of  the  wean  rise  on  »pproaohinp  the  California 
C(«st.  Thi'y  indicate  thnt  water  near  the  surface  close  inshnre 
i«  HK  eold  as  that  1.000  to  a.000  feet  belwv  the  Mirfat-.'  200  to  40tt« 
milfN  otT  shore.  <H 

Fnmi  ISSS  to  1900  the  Albatrons  made  several  series  ^S 
hydrottraphio  eoundinire  alonp;  the  Pacific  Coast.  A  line  run  in 
September.  188»,  off  Cape  Flattery  falls  between  the  first  two 
linoH  Id  the  table  of  Tiisearora  soundinp*.  The  stations  are 
close  t'igether  and  the  temperature  rises  from  52~  to  61'  in  run- 
ning otf  shore  about  W  miles  and  in  the  next  30  miles  fal!«,  but 
only  to  59"'.  The  inahoro  cold  bell  Is  well  marked,  for  the 
tempemture  remains  at  52"  for  the  first  20  miles.  Southward 
from  Cape  Flattery  to  Cape  Mendocino  the  series  of  surface 
temperatures  is  quite  complete  but  they  are  usually  eonSned  to  a 
coast  belt  of  leas  than  30  miles  in  width.  They  are  also  scat- 
tered through  variouH  months  in  the  term  of  12  years.  For 
comparison  with  the  Tuscarnra  oI>ser  vat  ions,  temperatures  taken 
during  the  autumn  months  have  been  used.  The  general  result 
has  been  to  confirm  fully  the  conclusion  that  a  belt  of  cold  sur- 
face water  exists  near  shore.  Of  equal  interest  is  the  fact  that 
the  temperatures  show  narrow  belts  of  warm  and  of  cold  water 
lyinsr  close  together  and  frequently  occurring  in  the  area  cov- 
ered in  one  day's  observations,  t'sually  these  narrow  belt.s  are 
at  ri^rht  angles  to  the  coast.  This  peculiar  arrangement  of  the 
iiiiuor  temperature  belts  .seems  to  negative  definitely  the  idea 
that  the  cold  coa.st  water  is  due  to  an  inshore  Arctic  current,  for 
such  a  current  would  give  a  stream  of  moderately  uniform 
surface  temperature  and  the  variations  that  did  occur  would 
naturally  extend  in  belts  or  lanes  having  the  same  longitudinal 
direction  as  the  main  stream. 

As  an  illustration  of  the  results  obtained  in  charting  these 
temperatures,  a  section  of  the  coast  extending  about  150  miles 
northwest  from  Cape  Blanco  is  shown  in  PL  31.     Close  inshore 
*  Semite  Ki.  Doc.  Xo.  153,  52nd  Cong.,  1st  Sea. 
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Surface  temperatures  along  a  portion  of  the  Oregon  Coast  for  August 
or  September.  The  100-fathom  line  and  an  occasional  deep-water  sounding 
indicate  approximately  the  ocean  depths.  The  dotted  lines  connect  tempera- 
ture obflervations  made  on  the  same  day. 
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the  temperatures  ran  from  47°  to  52°  in  the  vicinity  of  Coos 
Bay  from  September  10  to  12,  1889,  while  on  the  11th  a  little 
further  off  shore  there  is  a  short  line  running  from  57°  to  59°. 
Notice  also  that  on  the  same  day  within  10  miles  on  the  north 
and  on  the  south,  there  are  lines  with  temperatures  varying 
from  50°  to  54° ;  that  is,  of  the  three  short  lines  at  right  angles 
to  the  coast  just  south  of  Coos  Bay,  the  middle  line  averages 
about  6"^  warmer  than  the  other  lines.  Over  the  Heceta  Bank, 
it  will  be  noticed  that  temperatures  of  from  60°  to  63°  occur, 
while  close  inshore  a  temperature  of  49°  occurs  only  ten  days 
later.  The  ten  days'  difference  in  time  can  cause  no  appre- 
ciable seasonal  change  in  temperature  and  the  variation  from 
63°  to  49°  ver^'  probably  was  true  for  the  same  day.  The  lines 
of  temperature  for  August  30  and  31  are  typical  in  showing  the 
colder  water  inshore,  the  exceptions  to  this  rule  being  few  and 
with  slight  differences  in  temperature.  No  exception  has  been 
found  with  east  or  west  lines  of  50  to  200  miles  in  length  and 
which  run  close  inshore. 

INSHORE  BELT  OF  COLD  WATER. 

This  general  idea  of  a  cold  inshore  belt  has  long  been  recog- 
nized. Richter*  discussed  the  Tuscarora  temperatures  and 
called  attention  to  the  belt  of  cold  coast  water  which  they  indi- 
cate. Apparently  without  other  obsei^vations  he  accounted  for 
the  presence  of  this  cold  water  by  assuming  the  existence  of  a 
cold  surface  current  from  the  Arctic.  Part  of  Richter's  argu- 
ment is  based  on  the  strange  error  that  **the  western  coast  of 
the  United  States  trends  northeastward  from  Cape  Mendocino 
to  Tatoosh  Island,*'  when  in  fact  Tatoosh  Island  is  slightly  west 
of  north  from  Cape  Mendocino.  As  already  stated,  a  study  of 
the  temperature  relations  found  in  PL  31  renders  highly  im- 
probable this  idea  of  a  cold  polar  surface  current.  Before  dis- 
cussing the  hypothesis  advanced  in  the  present  paper  to  account 
for  the  cold  inshore  belt,  the  temperatures  for  greater  areas  of 
the  North  Pacific  should  be  examined.     The  temperature  charts 

*  Richter,  C.  M.    Ocean  Currents  Contiguous  to  the  Coast  of  California. 
Bull.  Cal.  Acad.  Sci.,  vol.  2,  p.  337. 
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for  the  entire  west  coast  give  a  mnsa  of  detail  which  chii  he 
stndied  best  by  exiH-essinp  the  fitrun's  fur  a  limitod  period  by 
iHothenuul  liiie«.  In  PI.  .12  is  jriven  the  general  result  fnr  the 
month  of  Au^ist. 

A  salient  feature  of  this  ebart  ie  the  area  indicating  warmer 
water  to  llie  north  of  the  inshore  belt  of  cold  water  as  well  as 
to  the  went  Hiid  smth.  Tlie  faet  of  the  presence  of  thin  wnrmer 
wHtcr  in  addition  to  the  minor  belts  of  vnryinR  temperature 
already  shown  in  PI.  31  seems  to  exclnde  entirely  the  hj-pothesiaj 
of  a  cold,  polar  surface  current  alon^  the  west  coast  of  \ni 
America,  The  only  remaining  explanation  is  that  ther^-  i 
a  belt  of  eold  water  upwelline  from  the  adjacent  ocean  depthi 
Poasible  reasons  for  this  iipwelling  will  be  discussed  latei 
prior  considernlion  is  the  general  trustworthiness  and  the  d^ 
irree  of  aeeuracy  of  the  isotherm  in  PI.  32.  The  writer  feels 
fident  that  the  Ineation  of  the  coldest  part  of  the  inshore  belt  i 
the  vicinity  of  Cape  Blaneo  and  Cape  Mendocino  and  the  exiat 
cnee  of  wanner  water  to  the  northward  are  fully  establishec 
The  exact  position  of  the  isotherms  is  open  to  doubt  but  it  is  n 
believed  that  the  error  is  siiPRcient  to  nffeet  the  general  relation*^ 
which  ean  be  shown  on  a  map  of  the  scale  used  in  PI.  32.  More- 
over the  problems  and  conclusions  of  the  paper  will  not  be 
chiiiiged  by  a  future  shifting  of  the  boundaries  of  the  tempera- 
ture zones  here  represented. 

The  essential  differences  between  the  chart  here  presented 
and  previous  isothermal  charts  of  the  North  Pacific  for  the 
month  of  August  will  now  be  examined.  The  charts  to  bo  cited 
shiiw  little  if  any  variation  in  the  location  of  the  isotherms  iu 
mid-ocean,  but  differ  widely  in  the  vicinity  of  the  American 
Coast.  Marakoff  In  his  work  already  quoted  makes  the  isotherm 
of  IS'  C.  turn  abniptly  to  the  southward  at  about  latitude  4:)^ 
and  again  bend  to  meet  the  coast  in  about  latitude  36'.  He  thus 
n-presents  the  cold  belt  along:  the  coast  as  merely  an  extension 
of  the  cold  zone  of  the  extreme  North  Pacific.  The  British 
\dmirally  charts  (1886)  .show  the  isotherm  of  60'  as  almost 
toui'hing  the  coast  near  the  mouth  of  the  Columbia  River  and 
then  as  swinging  out  and  southward,  tinally  meeting  the  coast 
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Isothermal  chart  of  the  eastern  portion  of  the  North  Pacific  for  tho 
month  of  August.  Lines  represent  approximate  mean  temperatures  for  tho 
month. 
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somewhat  north  of  Point  Conception.  In  other  words,  accord- 
ing to  this  chart,  the  belt  of  cold  coast  water  along  California 
and  Oregon  has  a  very  narrow  connection  with  the  cold  water 
of  the  extreme  North  Pacific. 

The  temperatures  for  the  cold  belt  are  not  so  low  as  those 
reported  by  the  Albatross,  but  the  latter  were  doubtless  taken 
much  closer  inshore  than  those  used  by  the  British  Admiralty. 
The  locality  shown  in  PI.  31  just  north  of  Cape  Blanco  is  inark<^d 
on  the  British  Charts  as  having  a  variation  exceeding  10"^  during 
the  month  of  August.  This  agrees  with  the  belts  of  varying 
temperature  found  by  the  Albatross  in  that  vicinity  and  is  prob- 
ably due  to  alternate  bauds  of  the  surface  water  proper  and 
of  upwelling  cold  water  from  the  ocean  depths. 

The  isotherms  of  the  Deutsche  Seewai'te  chart  are  repro- 
duced in  PI.  33.  They  show  similar  general  relations  to  those 
indicated  in  PI.  32,  but  differ  in  making  the  cold  inshore  belt 
much  shorter  and  in  locating  the  coldest  part  of  the  belt  at  two 
widely  separated  places — San  Francisco  Bay  and  the  Straits  of 
Puca,  the  lowest  temperature  being  shown  by  the  isotherm  of 
14^  C.  (57°  F.).  The  latest  data  available  do  not  greatly  change 
the  average  temperatures  for  these  points  as  marked  on  the 
German  charts.  Davidson*  gives  the  monthly  averages  in  the 
Golden  Gate  for  12  years  of  daily  observations.  The  August 
mean  for  this  period  is  59.2'^,  with  57^  the  lowest  average  for 
any  one  year.  Lower  temperatures  are  repoi-ted  just  outside 
the  bar. 

The  corrections  to  be  made  in  PL  33,  according  to  the  recent 
Albatross  observations,  do  not  consist  in  a  revision  of  the  tem- 
peratures given  for  the  cold  water  areas  so  nmch  as  in  the  locat- 
ing of  much  colder  areas  near  Cape  Blanco  and  in  more  than 
doubling  the  entire  length  of  the  belt  of  cold  coast  water.  The 
occurrence  of  the  coldest  water  in  the  vicinity  of  Cape  ^Mendocino 
and  Cape  Blanco  has  an  important  bearing  on  the  theory  to  be 
offered  to  account  for  the  belt  of  cold  water  alon<r  this  coast. 


♦  Davidson,  Geo.    Bull.  Calif.  Acad.  Sci.,  Vol.  I,  p.  354. 
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TTTd  nuRLKU^  l-Ua>ENTED. 
The  tsiuperalori!  rclaltoni  of  the  «ir(nce  wnlijr  of  the  North- 1 
PMitie  irprMenttd  in  PI.  .t2  [irweut  twii  pnibtrnif)  f'lr  ttciliilion.   \ 
Pint,  what  is  Uu*  rsov  )if  the  tielt  nf  mid  waU-r  nlcng  ll>i>  west-  j 
em  aust  uf  the  I'Ditifd  i^ntaT    Wr  Imrr  alrendy  seou  ihat  it  1 
uiBrt  l>e  diK  to  nn  upnrlling  of  tnld  water  from  the  adjaoent 
nceun  drptha.  Imt  vhat  are  tbt  causes  vhir)]  produce  this  up- 
Kvlliofcl    And  apwudly.  why  shonid  tho  cwldwt  part  of  thw  urea 
be  in  tb*>  «irinit>'  of  C*ap«  Blanm  nud  Mftidocinn,  tnatAail  of 
farther  to  the  norlhwiird  T     Before  attettiptinf;  to  auswpr  these 
problenot.  a  brirf  rwit^  will  Iw  utadt!  of  Ihi-  dtscamioos  of  wild 
wiit«r  in  ttthur  [MrUoiiji  iif  the  wiirld  nnd  also  of  the  Kent-nil  tern- J 
perature  rektiiniB  of  the  North  Pfl<!ilii>. 


I 

A        , 
1  niii'^l 


a&n  WATER  AuiKa  nruEs  oojtSfs. 
Id  pi.  34  a  is  abovn  tho  bvlts  of  eold  mmkI  wat«r  as  itia[>)>o[l 
by  Andrwa.*  UcrKhausf  givn  pmnttca]!)'  tb«  wiine  un>us  omit- 1 
ting  the  M»Ilh<^a!(I  miaxt  »f  Arabia.  Etotb  aiithoni  make  the  b 
tfxtvud  uloiiR  the  entire  Pacifle  nnst  of  the  TnitMl  Stales  i 
nf  l^iwer  l_"alifoniia.  Neilhpr  nf  theiu  attoinpls  any  differentia- 
tion of  the  eold  water  area  into  belts  or  sections  of  different  tera- 
li,.r:ttuiv.  In  tlir  h;mdl..-.k  !!.■.■.  „m  puny  in:.'  .Andrtvs'J  All;is.  ihose 
LiMri.<  of  riiki  M:ti.r  iitv  aUriiiiititi  In  n  viTli.-a!  I'lirr.'Ut  eansed 
l.y  winds  l.ln^viii-  nir  ^hnr,'  :iTi<i  divi.fini:  the  snrfii.-e  w.-Uer  to 
ilif  li'.WMid.  T!iv  sii|>po-.iti..ii  is  tliiil  th.-  aeeiimniiition  of  iviiter 
In  |,,«,ii,]  v...ii!il  .-ansi-  a  ivliiin  drift  at  tlie  hntt(.rii  of  tin-  owari 
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A.     Belts  of  cold  coast  water  according  to  Aiidrees.     Compare  the  West 
Coast  of  North  America  as  given  liere  with  the  same  region  in  PI.  36. 
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B.     Maximum  Surface  Teni])erjitures,  after  Sir  John  Murray 
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Hann*  accepts  the  theory  that  the  rise  of  cold  water  along  the 
coast  is  caused  by  the  '* suction  effect''  of  winds  blowinor  off 
shore.  In  his  general  discussion  he  incidentally  remarks  *'that 
the  sharp  deflection  of  an  ocean  current  off  shore  may  cause  a 
rise  of  cold  water  from  below/'  He  does  not  apply  the  latter 
ideas  to  any  of  the  areas  which  he  discusses,  which  are  substan- 
tially those  mapped  by  Andrees.  The  whole  California  coast  is 
mentioned  among  others  as  if  it  belonged  in  the  area  of  constant 
trade  winds. 

Buchananf  discusses  this  subject  and  gives  some  data  for  our 
coast.  During  his  voyage  from  Valparaiso  to  San  Francisco 
in  1885  he  stopped  at  Mazatlan.  He  states  that  on  getting  under 
way  from  that  port  the  surface  temperature  was  75.8°  and  **the 
cold  w^ater  must  have  been  close  to  the  surface,  for  water  taken 
from  the  wash  when  the  steamer  was  going  astern  had  a  temper- 
ature of  72.8°."  Thence  across  the  Gulf  of  California  the  tem- 
perature was  78°  and  the  water  a  deep  blue  color.  Approaching 
Cape  San  Lucas  the  temperature  of  the  water  fell  to  73.4°  and 
then  to  64.4°  close  inshore.  After  passing  the  Cape  the  temper- 
ature rose  to  66.8°  as  the  shore  was  left.  Thence  northward  to 
San  Francisco  the  water  grew  colder,  falling  to  50°  degrees  at 
the  entrance  to  the  bay.  The  low  temperature  found  in  passing 
Cape  San  Lucas  is  the  most  important  part  of  this  account.  The 
cold  water  he  found  on  the  further  trip  to  San  Francisco  being 
on  a  single  line  parallel  to  the  coast  furnishes  little  basis  for  dis- 
cussion. Mr.  Buchanan  offers  the  following  comment:  '*The 
occurrence  of  these  coast  areas  of  abnormally  cold  water  is  ex- 
plained when  we  recognize  that  they  are  the  windward  shores  of 
the  oceans.  The  trade  winds  blow  from  them  toward  the  equator 
and  in  so  doing  mechanically  remove  water,  which  has  to  be 
supplied  from  the  readiest  source.  This  source  is  the  deep  water 
lying  off  the  continental  coast  which  is  supplied  by  the  gradual 
drift  of  water  from  high  latitudes.  Hence,  though  the  low  tem- 
perature of  the  coast  water  is  referred  to  as  due  to  the  cold  of 
high  latitudes,  it  is  not  supplied  by  a  long  surface  current,  but 

•  Hann,  Julius.    Handbook  of  Climatology,  1903. 

t  Buchanan,  J.  Y.     Similarities  in  the  Physical  Geography  of  the  Great 
Oceans.     Pro.  Roy.  Geog.  Soc,  1886,  p.  753. 
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n  short  vprticnl  oiip."  Tlit-  liiiiitx  of  Mr-  trade  wind  Wit  nlT  th.' 
Cdliforniu  const  vnW  be  diRninwd  laler.  but  it  w  nwdlfxt  tt>  rr- 
riiark  llint  these  limltji  never  reach  »8  far  north  as  Cape  Blaiiro. 
Sir.  Bucluiniuj,  it  xliould  be  nutt-d,  dots  not  discuss  the  eoDditians 
iiti  (he  coDst  north  of  San  Praitciacn. 

PoMiblj-  the  most  interentinK  intftanee  of  cold  water  riainL' 
fi-oin  ow«n  di'iiths  w  found  on  the  Somali  CobbI  of  Africa  jiirt 
south  of  Cape  Onnrdaftii.  C^ptiiin  Hoffmann 'tt  aeeouni  of  the 
viiyoge  of  the  Miiwe  is  beeoiuiiie  eltuitie  in  these  disfuxsinnii.  The 
eiitirae  of  the  Mowo  was  northward  from  Zxnzihar  nlon^  the  coast 
iif  Africa  to  the  Gulf  of  Aden.  The  table  of  temperaluriMs  berw- 
with  is  taken  direotly  from  Captain  Hoffmann's  aeeount.  ehansr- 
inK  Iho  Icmperatures  to  Kahreuhoit  to  agree  with  the  use  in  this 
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paper.  The  marked  fall  in  temperature  on  Jnly  3  and  4  w-is 
accompanied  by  a  fall  in  the  temyeratnre  of  the  air  and  by  a 
change  in  the  color  of  the  water  from  bhie  to  a  deep  olive  p:reen. 
As  in  this  locality  a  cold  polar  cnrrent  is  an  impossibility,  unless 
it  persists  directly  across  the  equatorial  rep^ion,  we  are  forced 
to  the  conclusion  that  the  cold  water  rises  from  the  ocean  depths. 
Captain  Hoffmann  reports  a  slron<:  north  fiowin*:  current  that 
makes  a  bend  to  seaward  at  this  point  where  tbe  fall  in  temper- 
ature occurs.  He  states  that  the  fall  in  temperature  seems  to 
be  related  to  the  chaiiii^e  in  the  direction  of  the  current.  Bu- 
chanan attributes  the  cold  water  in  this  instance  to  the  southwest 
monsoon  blowin<r  off  shoi'c.  Hann  and  Andrees  do  the  same  and 
state  that  the  cold  water  disappears  with  the  coming  of  the  north- 
east monsoon. 

The  authorities  quoted,  with  the  exception  of  Captain  Hoff- 
mann, seem  to  be  in  general  agreement  in  accepting  winds  blowing 
off  shore  as  a  sufficient  explanation  of  cold  coast  water  in  these 
areas.  On  our  coast  from  San  Francisco  to  Cape  Flattery,  the 
prevailing  winds  blow  toward  the  shore,  as  shown  in  the  Pilot 
Charts.  During  the  passage  of  an  extratropical  cychme, — the 
**low''  of  the  weather  map — the  winds  may  be  temporarily  re- 
versed. As  to  trade  winds  on  the  California  coast,  the  Pilot 
Charts  for  1903  show  that  the  most  northerlv  extension  of  the 
trades — occurring  in  August — was  to  Lat.  37°  30'.  This  w^as 
only  in  mid-ocean  nearly  1,000  miles  to  the  westward  of  San 
Francisco.  Nearer  the  coast  the  northern  limit  of  the  trades  is 
further  to  the  south.  At  all  seasons  of  the  vear  the  Pilot  Charts 
show  a  belt  of  northwest  winds  between  the  Southern  Califoniia 
Coast  and  the  trade  winds.  Along  Southern  California  where 
the  trades  blowing  off  shore  ai'c  the  nearest  to  the  coast  is  the 
verj"  locality  that  fails  to  show  a  definite  belt  of  cold  coast  water. 

GENERAL  TEMPERATURE  CONDITIONS  OF  THE  NORTH  PACIFIC. 

For  a  brief  .summary  of  the  temperature  conditions  of  the 
North  Pacific  we  may  take  a  recent  article  by  that  eminent 
authoritv,  Sir  John  Murray.*    The  charts  which  he  erives  afford 

*  Murray,  Sir  John.  On  the  Temperature  of  the  Floor  of  the  Ocean,  etc. 
Oeog.  Jour.  1899,  XIV,  p.  34. 
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»  summary  of  a  vast  naiuiinl  of  olJservBlkiniil  dc^il  bearinp  oa 
the  general  probli-nw  »T  hb  spapep-  Tlic  cluirtx  idjow-inc  maxi- 
miitn  and  minimum  snirfaw  teniperaluiwt  will  first  be  examined. 
Th«c  were  pr«i)ared  hy  UyiDp  off  on  2'^  Mgnares  all  the  rp«tnkf! 
oWrvatjons  of  surfaw  tcmi>er»tur«i.  The  Ubies  of  Admiral 
llukapoff  pive  38,874  olim-rvalions  for  the  North  Pncific,  Murray 
hki  fflpplemwiU-d  th«w  by  tli*  roports  of  llw  BritisUi  Admiralty 
OSiev  and  from  other  sources.  The  maxiimim  and  minimnni 
lemperatares  are  tukeu  for  the  months  of  AnpuBi  and  Febrtuiry 
r«spertirel.v.  Nearly  2-')'X'  of  the  2 "  Bciuawc  in  tin?  North  Pacific 
have  HO  recorded  observationn.  This  lark  Khotild  In?  bom 
mind,  but  aa  nearly  half  of  these  omimJons  nrv  in  lb*-  Tun 
Zone,  it  is  not  likely  thai  llic  mnp|iing  of  maximum  or  Am 
tifmpcmtiin-fl  in  (Ik-  broad  belt  of  these  eharts  has  been  serioi 
niTfCled. 

Maximum  HurfaM  Temperalurea. — PI.  34  B  shows  the  r«snl 
for  the  North  Pacific,  the  temperature  zones  indicating  differenM 
of  lO'  F,  So  fur  til!  the  problems  of  this  paper  are  eoDCirned,  the 
tnoxt  marked  departure  from  east  and  west  boundaries  to  these 
zones  is  foinid  in  the  Ix-ll  of  60" -70^.  This  shows  a  notable  ex- 
tension southward  alonp:  the  coast  of  the  I'uited  States  and  re- 
vi'!ils  till'  belt  of  ciild  iMijist  ivntt-r.  confinnin.L'  the  existence  of  a 
sniilliwijrd  Hoivini:  drift  off  the  coast,  as  shown  on  the  Pilot 
Chans,  Thi-  torrid  lu-lt  of  S()-9l)'  makes  a  northward  cxt.-nsion 
ifloii-  tlif  L-uii-st  of  I,owcr  California.  This  ai:;iin  confirms  the 
I'ilot  Chart  which  shows  a  northwestward  rtowiii;:  current  off 
tlie  Mexican  coast. 

Miiihiiiim  Sxrfmf  Tnup' r<iturfs.—V].  :io  A  is  the  chart  for 
niiniinnni  surface  temperatures  in  the  North  Pacific.  Here  iiLMiti 
is  llu'  southward  extension  of  the  cold  bell  alonp  the  western  const 
of  North  America.  An  intercsiiiiir  fact  here  is  the  liend  to  the 
sonlliward  ahmi,'  llie  12(lth  meridian  sbowint:  that  the  currents 
from  the  north  leave  the  shores  of  America  turning  to  the  west- 
ward. 

Ritiiiji   of  Sifffavc  Tiinprraiures.- — PI.  35  B  is  from  another 
chart  by  Mnn-ay  from  the  same  data.*    The  annual  range  of  leni- 
*  Murray,  Sir  JiAn.     Annual  RaiiEP  of  Temperature,  etc.     Geog.  Jour. 
189S,  Vol.  XII,  p.  113. 
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perature  is  here  shown.  The  p:reat  torrid  belt  with  an  annual 
ranore  of  10°  or  less  shows  a  northward  pointing  extension  off 
Lower  California  similar  to  that  on  the  map  of  maximum  temper- 
atures and  to  be  accounted  for  in  the  same  way.  An  interesting 
minor  point,  bearing  on  the  accuracy  of  the  map,  is  shown  by 
the  small  area  around  the  southern  pail  of  Lower  California, 
which  is  charted  as  having  an  annual  range  of  20"".  This  in- 
cludes the  locality  where  Buchanan  reports  cold  water  due  to 
upwelling.  It  will  be  seen  by  reference  to  the  Pilot  Charts  that 
while  the  main  current  from  the  southeast  is  constant  during 
the  year,  the  inshore  current  varies  with  the  seasons,  sometimes 
being  from  the  north  and  sometimes  from  the  south.  This  varia- 
tion indicates  of  course  a  great  annual  range  of  temperature. 
This  mutual  confirmation  of  the  two  maps  in  this  small  area  is 
worth  noting  as  a  correlation  to  the  warning  given  by  the  authors 
as  to  the  in.sufficient  data  upon  which  their  work  rests. 

Another  variation  in  PI.  35  B  is  the  southward  extension  of 
the  belts  of  an  annual  range  of  from  lO""  to  15''.  This  occurs  at 
about  120°  West  Longitude  and  extends  to  Latitude  10  ^  This 
is  probably  accounted  for  by  a  variation  in  the  strength  of  the 
south  flowing  California  current  and  of  the  northwest  flowing 
current  off  Mexico.  This  variation  is  somewhat  indefinitely 
shown  on  the  Pilot  Charts  bv  a  change  in  the  extension  of  these 
currents  during  the  spring  and  the  autumn  seasons. 

Temperature  of  Ocean  Bottom. — PI.  36  is  a  reproduction  of 
the  Deutsche  Seewarte  chart  showing  ocean  depths  in  the  Xoi'th 
Pacific.  The  principal  areas  which  according  to  Murray  have  a 
bottom  temperature  of  under  35  are  indicated  by  oblique  pa- 
rallel lines. 

The  contours  on  this  chart  are  in  meters;  the  first  line  indi- 
cating 200  m.  and  the  others  the  successive  even  thousands.  Tn 
the  regicm  to  the  eastward  of  Kamchatka  these  contours  mu.st 
be  modified  to  agree  with  recent  soundings  of  the  Albatross.  A 
sounding  of  5,700  M.  (3,117  Fni.)  was  obtained  in  Lat.  54°-51', 
Long.  163°-46'  E  and  other  soundings  indicate  that  a  channel  of 
about  3,000  M.  (1,640  Fm.)  leads  from  the  Pacific  into  Bering 
Sea.     A  dotted  line  shows  the  possible  location  of  the  3,000  ^I. 
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contour  iicw)rdi«g  to  these  lato  HoundiiigiM.  The  diatrihutiii 
of  tbiNM  niTHS  of  cold  wati'r  tm  iho  ocean  bottom  is  c 
related  to  the  quwrtiou  of  the  emiirce  of  the  t-old 
along  the  west  I'otisl  iif  the  United  Stnles.  Of  prirnary  in- 
t*'ri-st  is  the  Ijirjjer  area  extending  from  near  Alaska  south- 
ward far  hfj'ond  Point  Concept  ion.  The  part  of  this  ina« 
of  cold  water  lyinR  north  nf  IM.  .W  ia  bounded  on  Ibia 
north  and  e»«t  liy  the  eontour  line  of  2.000  fathoms  (neartyl 
■l.OflO  11.).  The  wcBtem  extension  of  this  mass  of  cold  and  pre- 
sumably heH\'>-  water  lies  just  on  the  edge  or  slope  of  a  sub- 
marine valley  that  runs  down  hi  a  depth  of  more  than  3,000 
fiitlioinM  (fi.nOO  M.).  If  the  distribution  of  cold  wat*T  in  Ih  ' 
iiceaii  depths  depends  on  convection  as  is  frequently  elaimej 
why  does  not  the  cold  water  nettle  into  this  deep  valley? 
niijrhl  he  Hiisivcrtxl  by  Kiippotting  greater  density  for  the  watB 
in  the  preater  depths.  A  discussion  of  the  varying  salinity  « 
the  bottom  of  the  ocean  iu  this  region  is  at  present  impomibla 
from  lack  of  accunite  data.  The  uniform  upper  level  of  thi 
nias.1  of  luld  bottom  water  is  an  iuterestintc  point  when  the  NortM 
I'lii'ilii-  I'ilf.t  ('IttiHs  of  this  reirion  are  examined.  In  t 
bitrht  nf  the  Alaskan  coast  there  is  represented  an  ocean  eddy 
tiiniTTiu'  (■<iMtf:ii'Iock«iso  for  three- fourths  of  the  year  and  beim: 
rcvrrscd  Iti  diii'i-lion  durintr  the  winter  months.  Is  it  passible 
th;it  this  eddy  MiaiiitMins  a  mass  of  cold  water  at  the  bottom  at 
a  i-c)iist;itit  li'vcl  ?  The  idea  of  a  casnal  relation  here  is  so  seduc- 
tive tli;il  tlh'  writer  fi'i'ls  compelled,  in  fairness,  to  quote  a  para- 
!:r;ii.!i  fn.ni  tlie  Pilot  Chart :— "After  a  careful  eonsiderjition 
iif  till'  r<'ports  of  vessels  crnisinp:  near  the  Aleutian  Islands  and 
in  the  Rerini:  Sea,  the  H.vdTOStraphic  Office  warns  mariners 
iii.'ainsl  j)l;ifiiiir  loo  nnieli  reliance  upon  current  predietinns  in 
th.it  portion  r.f  llic  Xurth  Pacific."  The  warning  is  probabl.v 
iiitiTuled  to  apply  to  iciiioiis  farther  to  the  westward,  but  should 
bi'  I'linsiiiiTed  fur  iIiIh  ri'L'ion  as  well.  In  connection  with  the 
(|iii-;ti<iii  III'  tbc  exi-ili'tH-c  of  this  Alaska  eddy,  it  is  to  be  reniiirki-d 
tliiit  llie  i-.i>lbi  1111  of  .'i.'i  bend.'i  to  westward  just  south  of  Alaska 
ill  a  way  tn  i-oiitirrii  the  existence  of  such  an  eddy.  (See  PI.  :ilM 
Si'ttin;.'  aside  theories  and  keeping  in  mind  the  thought  of  the 
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level  upper  limit  of  the  cold  bottom  water  as  mapped  by  Murray 
for  the  re^on  south  of  Alaska,  let  us  examine  its  jjfreat  southward 

<  extension. 

From  off  Vancouver  Island  to  San  Francisco  it  has  risen 
above  the  2,000  Fm.  (4,000  M.)  contour  and  lies  upon  the  conti- 
nental slope  of  the  ocean  bottom — again  in  defiance  of  p^ravity 
unless  there  is  postulated  a  peculiar  arrangement  of  salinity  in 
the  lower  depths. 

hypotiip:sis  accounting  for  cold  water  belt. 

To  explain  this  apparently  abnormal  position  of  the  cold 
w^ater,  let  us  suppose,  as  a  working  hypothesis,  that  the  direction 
of  ocean  drift  in  the  northeastern  parts  of  the  North  Pacific  is 
not  merely  true  for  the  surface,  but  that  it  holds  throughout 
the  entire  extent  as  far  as  the  oceari  bottom.  In  winter  the  cold 
surface  water  to  the  south  of  the  Aleutian  Islands  would  sink 
and  at  the  same  time  be  carried  slowly  toward  the  eastward. 
It  would  thus  be  carried  over  the  western  portion  of  the  Mauiy 
Deep  of  PI.  36  and  would  finally  rest  on  the  continental  slope. 
In  the  Alaska  Bight  it  is  conceivable  that  the  eddy  would  give 
a  constant  upper  level  to  this  mass  of  water.  To  the  southward 
along  the  coast  of  Vancouver  to  San  Francisco,  the  upper  drift 
(except  \Qry  close  inshore)  is  toward  the  east  and  south.  If 
this  drift  extends  to  the  ocean  bottom,  the  cold  bottom  water 
would  be  driven  up  the  continental  slope,  thus  accounting  for 
the  belt  of  cold  coast  water.  Again  it  will  l)e  remembered  that 
the  coldest  coast  water  wns  found  from  the  vicinity  of  Cape 
Blanco  southward  to  Cape  ]\Iendocino.  In  PI.  :3G  the  contouj-s 
of  1,000,  2,000,  and  3,000  meters  mak(»  a  slioi-eward  bend  slightly 
north  of  this  latitude.  That  is.  a  great  sul)ina]-ine  valley  heads 
just  under  Cape  Blanco  and  opens  hi-oadly  out  to  the  northward 
and  westward.  The  bottom  di'ift  on  oui*  working  hypothesis 
would  thus  be  delivered  most  strongly  against  the  coast  in  the 
vicinity  of  Cape  Blanco  and  eaiiied  southward  by  the  general 
drift. 


Umivenitv  of  CaUfonua  Publiaiiioiu. 


Tin*  t^ffwl  of  the  smaller  Kiihm«niitt  valleyn  near  the  cowl 
hMs  already  been  dis<m»«'d  In-  Davidfton.*  Spcakini!  of  thaw 
near  Cnpi-  McndwiiMi  he  says;  "They  carry  in  tbe  eolder 
wBti'ra  eominB  frttm  the  north  and  outside  «r  1!io  infliK'ni*  «f  IhaJ 
clo»e  inahore  eddy  current  si-ttiii)!  to  th*-  northward." 

Tbe  writer  fully  agrci-K  with  thia  atateiueut,  but  in  the  li^ 
of  the  uddiliniiHl  data  diw-ussed  iu  this  paper,  hi.'  wnsidera  tbtv 
iK-tion  (if  tlieae  raileys  us  but  part  of  u  grncntl  motion  (if  tbC'| 
deeper  waters  whieb  HfTci-lf  llic  viitirt-  coast  from  Ran  Fruinia 
to  Vancouver  lalaitd.   - 

vVnother  jiiatance  where  loeal  temperatures  seem  to  be  wAvi 
enced  by  aiibutarine  vsllej-s  is  found  on  C'orddl  Bank  about  i 
miles  wcHl- north  west  from  San  Fmueitioo  and  directly  wnst  c 
Point  Rcyt*.     Tlie  lOfl  Fm,  contour  showa  a  valley  op«-niiig  td^ 
the   northward   and   beading  jnst   east   of  the   C'ordcll    Bank. 
Fmm  .lune  12  to  17,  1873,  Uavidsont  reports  the  mean  water 
temperature  at  H  a.m.  as  only  49".     If  the  cold  Itotlum  WHter  iu 
the  deeper  wi'tui  bax  any  motion  or  drift,  it  is  not  diffii-iilt  to 
rixrognizo  the  faet  that  the  aubniarine  valley  to  the  northward 
might  lead  it  to  the  surface  in  the  vicinity  of  Cordell  BRiik. 

A  second  j>oinI  in  favor  of  the  tbeon,-  of  great  depth  to  the 
prevailinfT  drift  in  tbe  uortheastern  part  of  the  North  Pacific  is 
finuid  in  till'  sha|H'  nf  the  ju-fas  of  cold  Ixittoni  water  and  in 
Ificir  r.-)iUiori  to  llic  sui-fiuv  drift.  The  main  area  on  tin-  wi-st 
I'oast  "f  Niii-lh  Airiciira  lias  a  Innfritudiual  extension  that  auTin'S 
with  tb.-  piTvailin-  sTirfa<','  drift.  Tracin-  this  area  of  wid 
IiuttoiiJ  wati'i-  sc.iLtb"ani  1o  Lai.  :J(I  .  it  is  seen  to  bend  to  the 
Miinlhwi'stward  as  do  tbe  snrfai-e  currents.  Tbe  ipiestion  also 
arises  as  to  the  icasoii  for  a  termination  of  tbe  cold  water  at  tliL-; 
joi-alily.  It  is  c'.-i'taiiily  not  the  insoJatinn  received  in  the  torrid 
/one.  for  IJiis  ]u-ii<-t rates  Imt  a  short  distance  below  the  snrface 
M.iivover.  iti  llie  middle  of  the  North  I'aeitic  ex- 
■;  till'  i'{|natiir  into  the  sinitbern  hcmispbere  is  one 
aicas  (if  water  below  '-i')  on  tbe  ocean  bottom.  A 
itinn  for  the  terniinatiun  of  tlie  cold  bottom  water 
;<■!..     Tlic  Siil'Nk-ruCil   Valleys  of   tlie  L'tiiiat   of  California, 
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off  Lower  California  is  found  in  the  northwest  flowing  warm 
Mexican  current  previously  mentioned.  This  current,  accord- 
ing to  the  charts  of  the  Deutsche  Seewarte,  is  more  saline  and 
hence  will  sink  and  mingle  with  the  colder  water  from  the  north- 
ward. 

Another  interesting  area  of  cold  water  on  the  ocean  bottoih 
is  found  off  Japan  in  the  great  Tuscarora  Deep.  The  source  of 
this  cold  w^ater  is  doubtless  the  cold  polar  current  coming  down 
by  Kamchatka.  The  southern  part  of  this  cold  water  area  has 
an  extension  off  to  the  eastward.  It  has  a  direction  that  appears 
to  be  the  resultant  of  a  conflict  between  the  deep  part  of  the 
north-flowing  Japan  stream  and  the  cold  water  of  the  Kamchatka 
current.  Here  again  the  idea  of  great  depth  of  drift  would 
account  for  the  fact  that  we  have  represented  a  stationary  body 
of  cold  water  resting  on  the  sloping  ocean  bottom. 

Of  course,  the  hypothesis  that  these  ocean  currents  and 
drifts  have  a  uniform  direction  to  the  bottom  of  the  sea  needs 
additional  evidence  in  its  support.  Meanwhile  it  offers  a  reason- 
able explanation  of  the  cold  coast  water  on  the  North  American 
shore  and  of  several  peculiarities  of  the  masses  of  very  cold 
water  on  the  bottom  of  the  North  Pacific  with  little  indirect  op- 
position to  the  hypothesis. 

The  presence  of  the  large  area  of  cold  water  on  the  bottom 
of  the  south  central  portion  of  the  North  Pacific  here  challenges 
attention.  Can  it  be  accounted  for  by  the  known  direction  of 
surface  or  bottom  drift?  It  must  have  some  connection  with 
the  cold  water  of  high  latitudes  to  maintain  its  low  temperature 
of  35°  or  under.  There  is  no  evidence  to  connect  it  with  the 
cold  w-ater  off  North  America.  From  its  position  in  equatorial 
regions  it  must  necessarily  be  supplied  by  subsurface  currents. 
There  are  few  charts  showing  temperature  below  the  surface  in 
the  North  Pacific.  Turning  to  one  by  Makaroff*  for  the  level 
400  meters  (218  Fm.)  below^  the  surface,  the  isotherms  are  found 
to  make  a  sharp  bend  to  the  southeast  as  may  be  seen  in  PI.  37. 
This  indicates  a  southeast  flowing  porti(m  of  the  cold  Kamchatka 
current  which   has   underrun   the   w^arm   Japan    stream.     The 

♦  Makaroff,  S.    Le  Vitiaz  et  L  'Ocean  Pacifique. 


wrihT  ntlfmptwi  to  «>oiiirtriiut  lui  iiwthprniul  chart  for  Ihu  <leptkj 
of  700  Fin.  in  ord'T  (d  fnllnw  fiirtlu-r  this  cold  iiiidfrcurreol 
Til*  number  of  Wniiwratiire  olHwrviiI  ions  for  this  or  grvHtt 
depths  ii  few.  nnd  therofore  not  niiioh  reliance  can  hfl  plaee 
ill  thf  resiiltt.     The  wothemis  ax  draim  for  the  701)  Fin.  Im 
slum-  21  narniw  Imip  fxlcndinn  still  farther  t«  the  southeiifit  thi 
lliH  lottp  in  1*1.  37.    It  would  thtw  wwn  from  the  oTldcmv  i 
al  hand  ihiit  thf  i>nld  wafer  tit  thp  bottom  i>f  the  «'Hilh  4>enird^ 
portion  i>f  tbt'  North  I'm-ific  is  accounted  for  hy  n  branch  of  t 
Kamchatka   cnrront   undeminiiinp   the    upper   portion   of  tlu 
wanii  Oapon  strfum  nnd  slowly  ainkin);  to  the  bed  of  the  oeeailb 

111  the  provisional  isnthemial  chnrt  drawn  for  the  depth  ( 
"on  Ftii.  a  Bpcond  narrow  loop  of  the  isotherms,  stnrtiiig  fart 
to  the  east  of  the  Japan   Islandfl,  runs  sontheast  mward  1 
Uawuiian    Inlands.     This  would   dwsoimt   for   the   presence   oCfl 
walor  belitw  '.i^'-'  F.  that  occurs  to  the  northward  of  these  isUndi  f 
at  the  depth  of  2.50(1  Fin. 

The  study  of  the  areas  of  cold  water  at  the  bottom  of  tlMl 
rentraJ  portion  of  the  North  Pacific  does  nut  therefore  m  aor.'l 
way  contradict  the  hyivrthcsis  used  for  the  cold  water  belt  alone 
the  west  eoast  of  the  United  States.  In  the  northwest  due  to 
til.'  opcniiiK  into  Bei-iiii:  ftoii  hetwecn  Kanipli;itk;i  ;nid  the  .Ms'ii- 
tiaii  Islands,  a  southward  flowing  cold  cuitodI  disliirlis  the 
<illii'fwi.s('  trrcat  unii'cu-in  clockwise  drift  of  the  North  Pjn-ilir', 
In  Ihe  north  central  and  northeastern  portions  of  the  ni'ivni 
there  are  no  cold  currents  from  BeriiiH;  Hen  to  interrupt  thr  ^n'- 
(|iiireiiient  of  ii  uniform  direction  of  drift  to  srreat  depths. 

Till'  p(issibilily  of  water  at  n  preat  depth  aeqiiirinir  a  slow 
iiiiivciiii'nt  or  <li'ift  from  the  action  of  surface  winds  has  In'On 
frei|nently  disi'ussed.  A  ivcent  writer*  thinks  that  the  eiilire 
Imdy  <if  water  oeeupyinj;  the  ecpintorial  resrions  has  a  wi'slerly 
mrition  due  to  the  action  of  the  trade  winds.  In  the  norlhern 
parts  fit'  ilie  I'acific  in  the  rejrion  ()f  the  prevailing  we.sterlii's, 
iDtilriii'v  eiirrents  are  frefjuently  reported  more  or  less  in  h.-ir- 
iijiiny  with  variations  in  tbe  winds.  But  as  the  prevailins! 
wi'sl.-rlif's  have  existed   for  untold  aires,  there  has  been   ample 

■  i'iii;c,  Jariii's.     X:itii)ii.il  Geographic  Magazine,  1902,  pp.  135-142. 
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time  for  the  development  of  a  slow  but  constant  deep  water 
movement  in  the  direction  of  the  prevailing  wind.  The  north- 
eastern part  of  the  North  Pacific  is  pre-eminently  the  place  for 
the  development  of  a  uniform  drift  from  surface  to  bottom,  as 
may  be  seen  by  studying  the  contours  in  PI.  36.  The  contours 
show  a  remarkable  great  ocean  basin  uninterrupted  by  islands 
and  bounded  on  the  noilh  and  east  by  a  regular  but  steep  con- 
tinental slope.  This  regularity  of  basin  of  the  North  Pacific  is 
more  noticeable  if  for  comparison  we  examine  a  bathymetrical 
chart  of  the  North  Atlantic.  In  the  latter  we  have  the  mid- 
Atlantic  ridge  running  in  a  general  north  and  south  direction 
and  making  two  gi'eat  subdivisions  of  the  basin.  We  have  also 
the  wide  openings  on  the  west  and  on  the  east  of  Greenland  and 
connecting  with  the  cold  water  of  the  Arctic  Ocean.  In  the 
Pacific  there  is  but  one  great  opening  into  Bering  Sea  and  that 
sea  is  connected  with  the  Arctic  by  Bering  Strait,  which  is  both 
narrow  and  shallow.  Considering  then  its  practical  lack  of 
connection  with  the  Arctic  Ocean  and  its  uninterrupted  basin 
and  relatively  regular  shores,  it  is  a  reasonable  supposition  that 
the  northern  half  of  the  North  Pacific  has  a  more  regular  system 
of  oceanic  circulation  than  has  the  North  Atlantic. 


SUMMARY. 

Several  interesting  points  for  future  investigation  are  sug- 
gested by  the  observations  and  theories  discussed  in  this  paper. 
From  the  biological  standpoint  it  will  be  interesting  to  find 
whether  the  cold  water  and  the  variations  in  temperature  near 
Cape  Blanco  are  a  barrier  to  species  that  might  normally  ex- 
pand into  the  regions  lying  to  the  northward.  The  investiga- 
tion of  the  area  lying  to  the  southwest  of  the  coast  from  Point 
Conception  to  San  Diego,  now  being  carried  on  under  the  direc- 
tion of  Professor  William  E.  Ritter  of  the  University  of  Cali- 
fornia, should  in  the  next  few  years  give  us  more  accurate  in- 
formation concerning  the  disputed  temperature  relations  of  this 
portion  of  the  Pacific  as  well  as  a  better  knowledge  of  the  marine 
life  of  the  region  and  the  temperature  limitations  of  this  life. 


Thp  quoRtion  of  the  accnracy  of  tlie  charts  herewith  pptv' 
Hi'ntttl  ilvuiRndti  thiit  tho  variouB  ^i>s  in  tho  «(?rirs  of  ixuisl  ti-Tn- 
licmtures  bo  filled  l>y  rfliahlo  ulutervnti'itH.  If  tbt*  ihwiry  nf 
this  paper  an  to  Ihe  final  aonrce  nf  cold  water  lying  alone  tbr 
west  foast  be  correct.  Rcrifll  teniperatlircH  in  the  region  from  rill 
to  55-  N.  Lat.  and  about  160"  W.  Ixtng.  Klioiild  show,  »t  certain 
»)>)tiionH  of  thft  year,  inversions  of  lemperalnre.  that  ift,  n  stratum 
lit  cold  water  nhould  be  found  in  intermediat*?  depths  ovcriytue 
warmer  waK-r  ou  the  oc«aii  bottom. 

In  conclusion  the  following  Kummary  of  observations  and 
hypotheses  in  reference  to  the  belt  of  relatively  cold  water  lyinK 
along  the  west  const  of  the  United  States  is  presented: 

( I  j  R<i-fnt  ol)ser('ations  indicate  that,  the  prexnons  niappinc 
of  thin  cold  belt  as  exteudiiig  southward  to  the  coast  of  Lower 
California  is  incorrect.  The  definite  belt  of  cold  water  can  not 
be  traced  south  of  Point  Conception. 

(2)  In  Slimmer  the  coldest  part  of  this  belt  ia  in  the  vieinity 
of  Cape  Blanco  and  Cape  Mendocino. 

(3)  The  source  of  this  nold  eoaxt  water  is  in  the  ocejin  depths 
to  the  northwestward. 

(4)  This  cold  water  at  or  near  the  ocean  bottom  has  a  slow 
drift  aereeinp;  in  direction  with  the  averape  direction  of  thi' 
snrfiiiv  drift  tind  is  driven  tn  the  surface  on  sirikins.'  llii>  sloii. 
of  till-  I'lintinriital  shelf.  Local  vririatiitiis  in  the  cold  i-..:ist  w^.t 
arc  dm-  U<  the  suliiiiarine  valleys  and  other  irrctrularitii'-.  in  ili' 
sloi.cof  the  f.mtiricnlal  shelf. 
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INTRODUCTION. 

Tbe  EfraD  Ran^  is  one  of  the  larf^r  members  of  the  Basia 
Range  sj-stem  of  mountains  Irarersing  eastern  Nevjida  trith  a 
general  north  and  south  trend.  The  range  has  a  breadth  of 
several  miles  and  is  separated  from  the  neighboring  parallel 
ranges  by  broad,  flat,  alluvial  valleys  coextenmve  with  the  ranges 
between  which  they  lie.  The  chief  formations  which  enter  into 
the  stnietnre  of  the  range  are,  so  far  as  at  present  known,  sedi- 
mentary strata  ranging  in  age  from  the  Cambrian  to  the  Car- 
boniferous. These  strata  have  an  aggregate  thickness  of  many 
thinisands  of  feet,  and  the  entire  sequence  has  been  compressed 
ill  par>  into  opi'n.  fairly  symmetrical,  folds,  which  locally 
may  be  more  acutely  appressed  and  affected  by  dislocations. 
The  pre-Cambrian  basement  upon  which  the  Palaeozoic  rocks 
rest  is  not  exposed;  but,  at  various  places  in  the  range,  there 
are  intrusive  masses  of  granitic  and  monzonitic  rocks  and  some  of 
these  have  been  supposed  erroneously  to  represent  the  Archaean. 
It  is  probable  that  these  granitic  rocks  date  from  the  mid-Meso- 
zoic  i-cvolution,  which  affected  the  Cordilleran  region  from  the 
Wasatch  to  the  Pacific,  although  it  is  only  positively  known  that 
they  .ire  post-Carboniferous.  These  intrusions  would  thus  be 
coTil em pora neons,   in  a  general  way.  with  the  granites  of  the 
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Sierra  Nevada,  the  Humboldt  Mountains,*  the  Wasatch,t  Cen- 
tral Idaho,t:  and  the  Coast  of  British  Columbia.  § 

At  a  later  date,  probably  in  Tertiary  time,  there  were  local 
intrusions  of  a  light  colored,  acid,  porphyritic  rock  which  has 
since  been  much  kaolinized  and  silicified,  in  which  or  in  con- 
nection with  which  important  ore  bodies  are  now  found.  While 
there  is  thus  a  certain  degree  of  complexity  of  geological  struc- 
ture within  the  range,  the  structural  lines  seem  to  have  had  little 
or  no  influence  in  determining  either  the  east  or  the  west  border 
of  the  range,  both  of  which  are  remarkably  linear,  and  would 
appear,  from  a  very  partial  and  cursory  examination,  to  cut 
obliquely  across  various  structures  indifferently,  a  fact  which 
in  itself  justifies  the  conception  of  the  range  as  an  orographic 
block  of  the  Basin  Range  type.  This  independence  of  the  bor- 
dering lines  of  the  range  to  the  structure  is  in  marked  contrast 
with  the  control  which  has  been  exercised  by  the  structure  upon 
the  geomorphic  development  within  the  range.  Here  the  geo- 
morphic  expression  is  conditioned  by  the  structure,  and  by  the 
differential  resistance  of  the  rocks  to  erosion.  In  the  softer 
formations  the  valleys  are  broad  and  the  slopes  are  quite  mature. 
In  the  harder  formations  the  streams  run  in  canons.  In  general 
the  montaine  geomorphy  is  much  more  advanced  than  in  the 
case  of  the  ranges  of  the  same  structural  type  recently  described 
by  Louderbackll  in  the  western  part  of  Nevada,  a  contrast  which 
may  be  due,  perhaps  wholly  and  certainly  in  part,  to  the  absence 
of  a  cap  of  basaltic  lava  in  the  Egan  Range.  After  the  geo- 
morphy of  the  range  had  been  well  advanced  toward  its  present 
condition  there  were  local  volcanic  eruptions  which  caused  some 
of  the  valleys  to  be  occupied  to  a  limited  extent  with  tuffs  and 
flows  of  lava.  Since  then  the  ranjze  has  been  faulted  and  a  con- 
siderable proportion  of  these  lavas  and  tuffs  has  been  removed 
by  erosion,  and  the  valleys  have  been  deepened  below  the  floors 
upon  which  the  volcanic  rocks  rest. 

The  Robinson  Mining  district,  with  the  geology  of  which  this 

•  Louderback,  G.  D.     Basin  Range  structure  of   the  Humboldt  Region 
BuU.  G.  8.  A.,  Vol.  15,  pp.  289-346,  1904. 

t  Emmons,  8.  F.    Am.  Jour.  Sci.,  4th  ser.  Vol.  XVI,  pp.  139-147,  1903. 
t  Lindgren,  W.    20th  Ann.  Rpt.  U.  S.  0.  S.,  Pt.  Ill,  pp.  65-256. 
9  Dawson,  G.  M.    Geol.  8urv.  Canada  Ann.  Rpt.,  1886,  Pt.  B. 
II  Op.  cit. 
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paper  denlx.  is  hnt  a  very  limited  portion  of  the  Egan  1 
It  lien  in  n  pass  through  the  raD(ti>  n  few  milwi  southwest  of  t 
town  of  Ely.     The  diKtncrt  couipmes  a  helt  varying  littlp 
a  mile  in  width  and  having  a  length  of  about  six  miles, 
belt  ban  an  past  and  west  trend  nnd  thus  lies  tramvprxe  to  1 
general  eourae  of  the  rangi^.     The  mineralization  of  the  distrit 
which  (rivra  it  ilK  efionoinie  importance  is  intimately  and  ^not^a 
ically  eonnectod  with  an  irregiUar  intrusion  of  "p)orphyrj-"  exA-m 
tins  Carboniferous  rooks  and  occupying  the  center  of  the  belt. 
Ore  deposits  are  found  both  in  this  porphyry  mass  and  in  the 
sedinientaiy  rocks  whinh  border  it.    In  the  porphyry  itself  are 
found  copper  ores  in  large  quantity.     In  the  limestones  i 
northeni  flank  of  the  porphyry  zone,  particularly  toward  i 
eastern  end,  are  limited  bodies  of  lead  ores  carrying  some  ^Iveru 
and  on  the  southern  flank,  also  at  the  eastern  end  of  the  bet 
oncur  Rold  ores  in  ledges  in  the  sedimentary  rocks.     Th«  silw 
lead  ores  liavc  as  yet  not  been  found  in  sufficiently  large  boc 
to  warrant  permanent  mining  operations,  although  considers 
prospecting  has  been  done  and  some  ore  has  been  shipped.    Tlis| 
gold  ores  at  the  Chainman  and  Saxton  mines  have  attracted  t 
attention  of  capital  sufficient  for  the  erection  of  extensive  and 
costly  plants  for  their  reduction,  but  the  attempt  to  win  the 
gold  has  been  apparently  unsuccessful  and  both  plants  are  now* 
idle.    The  chief  interest  in  the  district  now  centers  in  the  copper 
deposits  which  give  much  promise  of  being  mined  on  a  large 
scale  in  the  near  future.     The  chief  localities  in  the  district 
where  tliese  ores  have  been  developed  by  mining  operations  on 
a  notable  scale  are  at  the  Ruth  Mine  in  the  eastern  part  of  the 
belt,  at  Copper  Flat  in  the  middle,  and  in  the  vicinity  of  Pilot 
Knob  at  the  west  end.    Besides  these,  however,  there  are  numer- 
ous prospects  and  mining  locations  throughout  the  district. 

In  the  following  account  of  the  geology  of  the  district,  its 
limits  will  be  as.suined  for  purposes  of  description  to  be  coter- 
minous with  those  of  the  geological  map  which  aceonipanios  thL"! 
l>ii|iiT.i  'I'lii'  topographic  base  of  the  map  upon  which  the  gi'olng- 
iciil  formiitious  arc  delineated  was  surveyed  and  drawn  by  Mr. 


II  tlii;  Sun  friiLitis,'o  fire. 
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P.  S.  Schmidt.  The  contours  were  sketched  with  the  aid  of  as 
many  control  points,  established  by  transit  and  stadia  survey, 
as  could  be  obtained  in  a  somewhat  limited  time.  The  survey 
plats  of  the  numerous  mining  locations  and  traverses  of  the 
roads  constitute  the  chief  frame  work  of  the  map.  The  altitudes 
are  approximate  only,  the  nearest  reliable  bench  mark  being  at 
Eureka,  some  eighty-odd  miles  distant  by  wagon  road,  and  the 
only  check  to  this  being  by  aneroid.  In  relief  the  district  has 
a  hypsometric  range  of  about  1,600  feet,  the  extremes  of  alti- 
tude being  6,440  and  8,040  at  the  east  end  of  the  district.  For 
topographic  details  reference  nuist  be  made  to  the  map.  For 
the  purpose  of  locating  observations  the  mining  claims  named 
upon  the  map  will  be  freely  used.  The  field  was  geologically 
surveyed  and  the  map  constructed  primarily  for  the  purpose  of 
studying  the  conditions  of  occurrence  of  the  copper  ores,  and 
of  delimiting  the  copper  bearing  formation.  Attention  in  the 
field  being  thus  focussed  upon  a  special  problem,  many  phases 
of  the  general  geology  received  but  incidental  or  hurried  study ; 
it  thus  happens  that,  in  the  attempt  to  compile  the  obser\^ations 
into  a  consistent  account  of  the  geology,  some  questions  have 
arisen  for  the  answer  to  which  the  data  at  hand  are  insufficient. 
Notwithstanding  this,  the  study  has  been  sufficiently  instructive 
to  the  writer  to  warrant  his  thus  attempting  to  set  forth  the 
results  obtained  as  a  contribution  to  the  geologj^  of  Nevada  and 
to  the  problem  of  the  genesis  of  copper  ores. 

The  literature  of  the  Egan  Range  is  rather  scant.  In  the 
Report  of  the  Geological  Exploration  of  the  40th  Parallel,  Vol. 
II,  pp.  486-489,  is  a  brief  note  by  Emmons  on  the  general  fea- 
tures of  the  range  based  on  observations  made  at  its  northern 
end.  In  Bulletin  208  of  the  United  States  Geological  Survey, 
pp.  47-54,  Spurr  gives  a  somewhat  more  extended  note  on  the 
geology  of  the  range.  The  only  reference  to  the  Kobinson  Min- 
ing district,  however,  is  a  paragraph  in  the  work  just  referred 
to  in  which  Spurr  says:  **At  Mineral  City,  just  west  of  Ely, 
lead,  silver,  and  gold,  with  some  copper,  are  obtained.  At  this 
locality  a  number  of  siliceous  dykes  cut  up  through  the  lime- 
stone, and  seem  to  be  connected  with  the  mineralization.  In  the 
neighborhood  of  Ely  there  are  considerable  ore  deposits." 


VnivirsilJj  of  Caiifdrnia  Puhlicatiotis. 


TEE  PALAEOZOIC  BOCKS. 
The  jsedimciitnry  pocks  uf  ihf  Robinson  Mining  District  ( 
confined  to  the  PnlBeo7/)ic.    The  upper  portion  of  the  section  btt  .1 
been  determined  on  pal  aeon  tolojiical  evidence  to  W  of  Carbon-  J 
iferoiis  age.    In  (lip  »ludy  of  the  stnictiire  of  the  district  it  has 
been   found  oonvenient  to  subdivide  this  Carboniferous  seriM 
into  three  formations  and  for  these  local  names  are  used.  'The 
lower  purt  of  the  section  has  yielded  no  fossils,  but  fftlb  intaj 
two  strongly  (-out  ranted  members,  and  these,  on  the  basis  petro 
graphic  and  other  conaideratious  to  be  mentitmed  later,  are  cort. 
related  with  the  two  divisions  of  the  Devonian  recognized  else 
where  in  the  basin  ranges,  viz:  the  White  Pine  shale  and  thj 
Nevada  limestone,  and  they  will  therefore  be  described  tindi 
these  names. 

THE   CAHBONIFEROtlS. 

The  Ruth  Limestone. — The  highest  member  of  the  Carbonit;! 
erous  series  is  the  Ruth  limestone,  a  fornmtion  of  heavy, 
distinctly  bedded,  blue  pray  limestone,  carrj-ing  Upper  Carbon-' 
iferou.s  fossils.  This  formation  is  characterized  by  an  abundance 
of  flint  or  chert  nodules  and  the  fossils  are  to  a  large  extent 
replaced  by  such  silica.  The  chert  nodules  are  often  several 
feet  in  length,  but  generally  they  range  in  size  from  about  an 
inch  to  a  foot  in  length.  A  very  commou  form  is  oval  or  nearly 
circular  in  random  cross  sections.  The  color  of  the  chert  is  much 
darker  than  the  limestone  in  which  it  is  imbedded.  The  rock 
is  otherwise  remarkably  free  from  impurities,  weathers  to  a  dull 
gray  color  and  forms  hut  a  scant  regolith."  The  outcrops  arc 
usually  abrupt  and  the  ridge  tops  are  bare.  This  formation 
being  at  the  top  of  the  local  geological  column  and  its  upper 
limit  being  determined  by  erosion,  its  full  thickness  can  not  be 
here  ascertained.  There  remains  of  it,  however,  not  less  than 
5011  feet. 

A  specimen  of  the  chert  from  the  Ruth  limestone  showin? 
ii  !iniiinnti'd  stnictuiv  wiis  particularly  studied.  It  consists  of 
lihic-u'iviy  chert  in  luyei's  from  3  to  6  mm.  thick  alternating  with 

■  .Morrill,  G.  1'.    Kocks,  Kotk-Weatheriog  and  Soils,  1897,  p.  299. 
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thinner  layers  of  limestone  which  on  weathered  surfaces  are 
etched  out.  The  layers  or  laminae  are  di^inctly  curved.  In 
thin  section  the  alternating  laminae  are  distinct  (the  limestone 

being  turbid  from  impurities  and  the  chert  clear.  The  line  be- 
tween the  chert  and  limestone  is  sharp  but  is  irregular.  The 
chert  is  a  crypto-crystalline  aggregate  of  quartz  grains  showing 
aggregate  polarization  effects.  There  are  some  shred-like  areas 
of  calcite  in  the  chert  layers.  The  limestone  is  an  allotriomorphic 
granular  aggregate  of  calcite  grains  of  rather  vague  boundaries. 
There  is  an  abundance  of  fragments  of  organisms  both  in  the 
limestone  and  in  the  chert  layers.  These  organisms  appear  to  be 
chiefly  foraminifera.  In  the  chert  the  cavities  of  the  organisms 
are  filled  with  an  aggregate  of  quartz  grains  of  much  larger 
size  than  those  composing  the  chert  matrix,  but  the  chamber 
walls  are  still  composed  of  calcite.  The  same  statements  are  true 
of  the  organic  remains  in  the  limestone,  but  silicification  of  the 
cavities  is  less  pronounced.  In  several  cases  chambered  shells 
were  found  partly  in  the  limestone  and  partly  in  the  chert  but 
the  character  of  the  shells  appeared  to  be  the  same  for  both  parts. 
Fossils, — The  time  at  the  disposal  of  the  writer  while  in  the 
Robinson  district  did  not  permit  of  a  deliberate  search  for  pa- 
laeontological  evidence  of  the  age  of  the  formations,  but  wher- 
ever fossils  were  observed  in  the  course  of  the  stratigraphic 
work  they  were  collected.  The  localities  at  which  such  fossils 
were  found  are  chiefly  confined  to  the  Ruth  limestone.  These 
were  submitted  to  Mr.  George  H.  Girty,  the  well  known  specialist 
on  the  Carboniferous  who  kindly  identified  the  following  forms : 

FtLsulina  cylindrica, 
Zaphrentis  sp. 
Stenopora  sp. 

Productus  aflf.  P.  porrectus  Kut. 
Fusulina  elongata  (?) 
Seminula  sub  t  Hit  a. 
Lithostrotion  mammillare  (/) 
Diphyphylluvi  n.  sp. 
Lonsdaleia  n.  sp. 
Lonsdaleia  n.  sp.  var. 

Of  this  fauna  Mr.  Girty  states  that  it  belongs  in  the  Upper 
Carboniferous  and  rather  well  up.  While  some  of  the  forms 
possess  more  satisfactory  evidence  than  others,  he  feels  little 


dniilit  with  regard  to  «ny-  Th«  minrt  dtibUms  nn  to  age  in  his 
Dpinidu  id  tlie  Uiphliphyllum  ii.  sp.,  »nd  even  in  this  case  he  be- 
lieves that  it  iiioy  safely  be  rec^arrled  as  Dpper  OarbonifiToui*  or 
I'ennaj'lvaaiHn.  All  of  tbese  foi>eiIs  occur  in  th«^  xamo  slratierraph- 
ically  Pontinuous  area  t)f  tho  Ruth  liin^tonp,  of  whinh  Fossil 
Hill  is  the  luwt  proiiiineJit  f«atHi'e,  on  the  south  aide  of  the 
Ruth  Mine.  The  iSemijiWa  subtQiia  nppeara  to  be  the  most  com- 
mon. The  Viphffphylvm  a.  sp,  also  occurs  on  the  Phcnix  claim 
in  the  area  of  Ruth  limfston*  tw(i-lhird«  of  u  mile  to  the  north 
of  the  Ruth  Mine,  It  is  inteirsting  and  satiitfaetoo-  to  observe 
that  the  palaeontologioal  determination  o£  the  age  of  the  Ruth 
limestone  by  Mr.  Oirty  entirely  agrees  with  the  conclusions  that 
htid  been  reached  bj'  a  comparison  of  the  physical  characteristit's 
and  st  rati  graphic  sequence  of  the  Ruth  section  with  those  of  the 
standard  section  established  at  Eureka  some  80  miles  distant 
Tin:  Arcluras  ttmesfonf.^ Below  the  Ruth  !im«ftone  i 
strongly  contrasted  formation  of  argillaceous,  and  in  part  san< 
limestone  which  may  be  designated  the  Arcturus  shaly  lii 
stoue,  although  the  shaly  character  is  not  always  apparent.  Thilj 
formation  is  easily  distiniiuiahed  from  the  other  formations 
the  district  by  the  abundiuice  and  yellow  color  of  its  rcjrniith. 
In  jieneral  it  yields  to  atmospheric  erosion  smooth  slopes  strewn 
with  small  subannnbir  or  rounded  residual  fragments  of  yellow 
limestone.  In  it  there  are  occasional  beds  of  a  massive  character, 
but  even  these  do  not  project  prominently  above  the  general 
slope.  Some  of  the  limestone  beds  contain  a  notable  proportion 
of  manganese,  and  when  freshly  broken  present  a  faint  pinkish 
tint  suggestive  of  rhodochrosite.  This  formation  increases  in 
thickness  from  east  to  west,  and  passes  in  the  country  to  the 
ui>rthwest  of  Kuth  into  yellow,  orange  and  red  weathering,  soft 
shales,  with  thin  beds  of  impure  limestone.  The  formation  car- 
ries Carljouiferous  fossils  but  not  so  abundantly  as  the  Ruth 
limestone.  Species  of  Zaphrciilis  and  Sttiiopora  were  recognized 
by  ilr.  G.  H.  Girty.  Its  average  thickness  within  the  district  is 
about  l.OOU  feet  with  a  luiiiimum  of  900  feet  in  its  more  eastern 
exposures. 

-  Hague,  A,     U.  S.  U.  S.,  Monograj.h  XX,  1892. 
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The  Ely  Limestone. — Beneath  this  formation  is  the  Ely  lime- 
stone, consisting  of  regularly  stratified,  thick-bedded,  more  or 
less  cherty  limestone  to  a  thickness  of  about  1,500  feet.  Its 
regolith  is  scant,  the  weathered  surfaces  are  often  of  a  light 
lilac  gray  color,  and  it  forms  the  boldest  bluffs,  the  most  precip- 
itous slopes  and  the  highest  summits  of  the  district.  It  also  car- 
ries Carboniferous  fossils,  but  the  onlv  forms  identified  by  Mr. 
Girty  to  whom  they  were  submitted  are  crinoidal  fragments  and 
Product  us  aff.  P.  porrcctus  Kut. 


THE  DEVONIAN. 

The  White  Pine  Shale. — Below  the  Ely  limestone  are  forma- 
tions of  supposed  Devonian  age.  The  first  of  these  in  descending 
order  is  a  body  of  shale  of  somewhat  varied  character.  A  good 
deal  of  it  is  ordinary,  blue-black,  argillaceous  shale.  Most  of  the 
formation  is,  however,  rather  siliceous  and  yields  a  regolith  filled 
with  flat,  angular  rock  chips,  which  have  a  yellowish  color.  Cer- 
tain portions  of  the  formation,  as  for  example,  to  the  north  and 
northwest  of  Copper  Flat  and  in  the  vicinity  of  Pilot  Knob,  are 
carbonaceous  and  have  a  dead  black  color.  In  other  cases,  as 
in  the  vicinity  of  the  Chainman  Mine  and  Pilot  Knob,  the  rock 
while  having  an  evenly  and  thinly  laminated  shaly  structure  is 
almost  wholly  quartzose  in  composition.  In  several  portions  of 
the  shale  belt,  the  shale  has  been  bleached  to  a  snow  white  or 
a  cream  white  color,  due,  it  is  presumed,  to  the  action  of  emana- 
tions from  neighboring  irruptive  rocks,  or  more  probably  of 
sulphuric  acid  arising  from  oxidation  of  the  overlying  pyritif- 
erous  porphyry.  Some  of  these  have  a  chalky  consistency.  A 
chemical  examination  of  two  samples  of  this  bleached  shale  from 
the  gulch  to  the  east  of  Jupiter  Ridge  was  made  for  the  writer  by 
Mr.  Herbert  Ross  of  the  Ruth  Mine  with  the  following  results : 


I. 

II. 

SiO^ 

65.0 

07. 1 

AlA 

28.5 

28.1 

CaO 

1.8 

1.0 

H,0 

5.1 

3.7 

100.4  99.9 


The  formation  to  the  northwest  of  Pilot  Knob  is  traversed 
by  a  h«avy  bed  of  light  gray  limestone  about  150  feet  thick,  the 
shale  above  and  below  it  being  not  essentially  different.  The 
total  thiuknesa  of  the  shale  is  about  850  feet  or  with  the  included] 
limestone  bed  about  1,000  feet. 

This  shale  formation,  with  its  included  limestone  bed, 
well  with  the  descriptions  that  have  been  given  by  Hague"  ft 
the  White  Pine  shale  of  the  neighboring  White  Pine  and  Dii 
mond  Ranges  to  the  west  of  the  Egan  Range,  and  it  is.  there- 
fore, tentatively  correlated  with  that.  This  correlation  is,  more- 
over, sustained  by  the  fact  that  no  other  formation  of  similar 
character  has  been  described,  so  far  as  the  writer  is  aware,  from 
the  Basin  Ranges  for  this  portion  of  the  geological  scale.  As 
the  White  Pine  shale  is  a  fairly  persistent  formation  in  the 
ranges  to  the  west,  it  is  quite  probable  that  it  should  estend  into 
the  Egan  Range.  Even  the  thick  bed  of  limestone  in  the  midst 
of  the  shale  has  its  analogue  in  the  White  Pine  shale  of  the 
Eureka  and  White  Pine  sections-t  There  ia  one  lack  of  ag: 
ment  between  the  Eureka  section  and  the  one  here  deacril 
which  seems  to  militate  against  the  correlation  su^^ested. 
that  is  thi?  absence  at  the  Robinson  Mining  District  of  the  Dia- 
mond Peak  quartzite.  At  Eureka  this  formation  has  a  thick- 
ness of  3,000  feet  and  lies  immediately  above  the  White  Pine 
shale.  It  is  to  be  noted,  however,  that  in  passing  southeastward 
from  Eureka  to  White  Pine,  the  Diamond  Peak  quartzite  dimin- 
ishes from  3,000  feet  to  a  few  hundred  feet,i  and  that  at  this 
rate  of  diminution  of  volume  it  would  feather  out  before  reach- 
ing the  Egan  Range. 

The  Sevada  Limestone. — The  correlation  of  the  shale  forma- 
tion nf  the  district  with  the  White  Pine  shale  of  the  Eureka  and 
White  Pine  sections  is  the  chief  justification  for  suggesting  that 
the  next  lower  formation  is  the  equivalent  of  the  Nevada  lime- 
stone of  the  standard  section.  This  formation  is  a  rather  mas- 
sive, gray  limestone  which  agrees  in  petrographic  character  with 
the  description  of  the  Nevada  limestone;  but  no  fossils  were 
found  in  it  by  the  writer,  doubtless  due  to  the  lack  of  oppor- 
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tunity  for  systematic  search.  Some  of  the  heds  of  this  forma- 
tion are  almost  black  limestone.  The  thickness  of  the  formation 
is  unknown  as  only  the  upper  part  of  it  comes  within  the  limits 
of  the  country  examined.  It  was  estimated,  however,  that  its 
thickness  was  not  less  than  1,000  feet  and  might  be  much  more. 

CORREI.ATION    WITH   THE   EUREKA   SECTION. 

For  the  purpose  of  comparing  the  geological  column  of  the 
district  under  consideration  with  that  of  the  Eureka  section,  the 
following  correlation  of  all  the  Palaeozoic  fonnations  is  sug- 
gested: 

Robinson  Mining  Dist.  Eureka. 

Feet  Feet 

4 „  \Buth  limeatone   500+  Upper  Coal  Meas 500 


X 


ti 


go  /Arcturus  shaly  limestone.  1,000  Weber  Conglomerate   2,000 

*"  JEly  limestone    1,500  Lower  Coal  Meas 3,800 

^  Diamond  Peak  Quartzite.  .3,000 

I     rwhite  Pine  shale 1,000  White  Pine  shale 2,000 

u^'i  Nevada  limestone 1,000+  Nevada  limestone 6,000 

GENERAL   STRUCTURE. 

In  the  study  of  the  general  geological  structural  relations 
of  the  Robinson  Mining  District  several  factors  have  to  be  con- 
sidered. These  are:  (1)  The  stratigraphic  sequence  of  the  De- 
vonian and  Carboniferous  fonnations  as  above  outlined.  (2) 
The  flexure  of  these  strata.  (3)  The  relation  of  the  folded  strata 
to  the  irruptive  masses  which  cut  them.  (4)  The  features  intro- 
duced in  the  process  of  mineralization.  (5)  The  lavas  and  tuffs. 
(6)  The  faulting  of  the  region.  Having  in  the  previous  section 
described  the  stratigraphic  sequence,  we  may  now  conveniently 
consider  that  phase  of  the  structure  referable  to  the  deformation 
of  the  Palaeozoic  rocks  anterior  to  the  appearance  of  the  irrup- 
tive rocks  leaving  the  discussion  of  the  other  factors  till  later. 

The  dominant  feature  in  the  structure  of  the  Palaeozoic  rocks 
is  a  broad  syncline,  the  axis  of  which  runs  nearly  north  and 
south,  through  the  Ruth  Mine,  and  pitches  northerly  at  a  con- 
siderable angle.  In  the  central  part  of  this  fold  lies  the  Ruth 
limestone  with  synclinal  dips  at  moderately  low  angles.  Flank- 
ing the  Ruth  limestone  on  either  side  is  the  Arcturus  shaly 
limestone  dipping  under  it.    Flanking  this  on  both  sides  is  the 
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Ely  liniestone  dipping  beiie»Ui  it  at  sijniewhat  steeper  angle*-. 
As  we  pass  along  the  stimtheni  border  of  the  district  as  mapped 
esatnard  and  westward  upon  the  Ely  linicstoiiL*  tcrranc.  w«  pass 
into  the  tvniplcnH-'ntary  anticlines  of  the  Ruth  syncline.  Ttiat 
to  the  eaNt  ]»  of  tto  low  an  arch  that,  it  ia  difficult  to  detennin^ 
with  precision  the  direction  of  its  axis.  It  is  probably,  however, 
north-northeast.  It  may  be  referred  to  as  the  Saxton  anticline 
from  the  Snxton  mine  which  is  situated  upon  it.  That  to  the 
west  i«  niueh  more  sharply  flexed,  and  the  trend  of  its  axis  is 
northwest  and  southeast,  the  pitch  being  to  the  southeast.  It 
may  be  Called  the  Itib  Hill  anticline  from  the  most  prominent 
feature  upon  it. 

In  the  heart  of  the  Saxton  anticline  there  appeal's  a  broad 
belt  of  the  White  Pine  shale  dipping  beneath  the  Ely  limestone 
on  the  foothills  to  the  south  of  the  Lane  city.  On  this  belt  are 
situated  the  Saxton  and  Chaiuman  Mines.  Flanking  the  White 
Pine  shale  on  the  south  side  of  Lane  Valley  are  some  areas  o£  , 
limestone  the  relation  of  which  to  the  shale  is  not  clear, 
petrographical  grounds  they  are  mapped  as  Ruth  limestone. 

In  the  Rib  Hill  anticline,  the  White  Pine  shale  again  appears 
beneath  the  Ely  limestone,  although  the  direct  relationship  is 
largely  interrupted  by  the  porphyry  of  Jogalong  Ridge  and  the 
monzonite  of  Weary  Flat.  The  dip  of  the  shale  with  its  included 
bed  of  hard  limestone  beneath  the  Ely  limestone  may,  however, 
be  clearly  observed  to  the  west  and  northwest  of  Pilot  Knob.  In 
the  same  anticline,  as  it  broadens  out  to  the  north  on  the  north 
side  of  Wcaiy  Flat,  appears  the  Nevada  limestone  from  beneath 
the  White  Pine  shale,  extending  as  an  important  terrane  in  the 
hills  to  the  north  of  the  western  part  of  the  district. 

THE    IRRUPTIVE    ROCKS. 

MONZONITE   BATHULITH. 

One  of  the  most  interesting  features  of  the  geology  of  the 
district  is  the  occurrence  of  an  intrusive  mass  of  monzonite. 
The  chief  interest  attaches  to  the  fact  that  it  appears  to  be  an 
oxMiuple  of  ;i  rather  frequent  occurrence  of  plutonie  intrusives 
of  granitic  habit  which  have  been  reported  from  various  parts 
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of  the  Basin  Ranges,  and  which  have  generally  been  referred 
to  the  Archaean.  In  this  case  the  mass  is  clearly  of  post-Car- 
boniferous age  and  there  is  not  wanting  evidence  that  this  will 
be  found  to  be  true  of  many  other  similar  rock  masses.  The 
monzonite  appears  in  the  Rib  Hill  anticline  and  underlies  the 
relatively  low  and  gently  sloping  ground  of  Weary  Flat  in  the 
western  part  of  the  district.  Its  occurrence  is  marked  by  no 
prominent  outcrops  nor  even  by  hilly  ground.  The  area  occu- 
pied by  it  can  be  delimited  with  a  fair  degree  of  precision.  The 
regolith  which  thinly  veneers  it  is  so  characteristic  of  the  under- 
lying rock,  that,  taken  with  the  occasional  exposures  of  the  latter, 
and  the  opportunities  afforded  by  the  rather  numerous  prospect 
holes  that  have  been  sunk  upon  it,  particularly  about  its  peri- 
phery, there  has  been  no  serious  difficulty  in  mapping  it.  The 
longest  diameter  of  the  area  is  about  one  mile  in  a  northeast- 
southwest  direction  and  its  width  is  about  half  a  mile. 

The  rock  composing  the  mass  is  in  general  a  rather  coarse 
grained,  pinkish  to  gray  hornblende-monzonite,  with  large  por- 
phyritic  crystals  of  orthoclase,  and  has  a  characteristic  plutonic 
habit.  When  this  rock  was  first  met  with  in  a  rapid  survey  of 
the  field  to  be  studied,  the  writer,  relying  upon  previously  re- 
ported occurrences  of  Archaean  granitic  rocks  in  the  basin 
ranges,  naturally  supposed  that  he  had  here  to  deal  with  the 
basement  upon  which  the  Palaeozoic  rocks  were  laid  down.  In 
testing  this  hypothesis,  however,  several  facts  came  to  light  which 
seemed  to  be  inconsistent  with  it.  It  was  remarked  with  surprise 
that  the  lower  part  of  the  Palaeozoic  column,  including  the  Silu- 
rian and  Cambrian  which  form  voluminous  and  persistent  ter- 
ranes  throughout  this  part  of  Nevada,  was  here  absent.  The 
lowest  rocks  in  contact  with  the  monzonite  are  those  referred 
in  this  paper  to  the  Devonian.  In  meeting  this  objection  it  was 
considered  barely  possible  that  a  pre-Devonian  disturbance  and 
erosion  interval  had  removed  the  earlier  Palaeozoic  rocks,  or 
that  this  portion  of  the  region  had  remained  an  insular  mass  in 
Cambrian  and  Silurian  times  and  had  been  finally  submerged 
only  with  the  advent  of  Devonian  time,  and  that  the  monzonite 
might  thus  still  be  regarded  as  a  portion  of  the  Archaean  floor 
upon  which  the  Palaeozoic  in  general  was  laid  down.    This  possi- 
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bility  was,  however,  not  supported  by  the  facts  observed  in  the 
course  "f  deUiilcd  mapping.  It  was  found  for  example  that 
there  was  no  traee  of  h  basal  eongiomerate  or  even  of  an  arena- 
ceous formation  at  the  contact  with  the  njonzonite.  sueh  as 
would  have  been  expected  had  the  Devonian  roeka  been  depos- 
ited in  11  s^a  transgressing  a  subsiding  Archaean  terrane  of  thi* 
character.  It  was  found  further  that  the  stratification  planes 
of  the  rocks  nearest  to  the  monzonite  were  not  parallel  to  the 
surface  of  the  latter  but  were  in  several  instances  in  strikini? 
dixcordanee  with  the  locus  of  contact  and  appeared  to  abut 
directly  upon  it.  It  became,  moreover,  very  apparent  that  the 
monzonite  was  in  direct  contact  with  tjuite  different  and  widely 
separated  stratigraphic  horizons.  For  example,  the  monzonite 
appeal's,  in  quite  satisfactory  exposures  on  the  west  and  south 
sides  of  Weary  Flat,  to  be  in  direct  contact  with  both  the  White 
Pine  shale  and  the  Nevada  limestone;  and  it  appears  to  be 
transverse  to  the  entire  thickness  of  the  first  named  of  these 
formations.  As  such  observations  multiplied,  it  of  course  be- 
came evident  that  the  original  hypothesis  was  entirely  at  fault, 
and  its  rejection  cleared  the  way  for  the  adoption  of  the  hypoth- 
esis that  the  monzonite  is  an  intrusive  mass  of  later  a^je  thim 
the  rocks  with  which  it  is  in  contact.  The  facts  which  served 
to  overthrow  the  first  hypothesis  are  quite  in  harmony  with, 
and  indeed,  strongly  support  the  second.  They  do  not,  however, 
establish  its  correctness  beyond  question ;  for  there  is  still  a  third 
hypothesis  with  which  the  same  facts  are  not  inconsistent.  It 
is  possible  that  the  ri'lations  subsisting  between  the  monzonite 
mass  and  the  sedimentary  rocks,  in  so  far  as  they  have  been 
described  are  due  to  complex  faulting.  The  monzonite  area 
may  be  bounded  by  faults.  The  absence  of  the  lower  part  of 
the  Palaeozoic  section  and  of  a  basal  conglomerate,  the  abutment 
of  the  sedimentary  beds  at  widely  separated  horizons  upon  the 
monzimite  mass,  might  all  be  brought  about  by  faulting.  As 
between  those  two  hypotheses,  of  intrusion  and  of  faulting,  the 
field  cvidcncL'  distinctly  favored  the  former.  At  the  contact  of 
the  nioiizunite  with  the  White  Pine  formation  the  shales  are 
iiltiivd  to  ii  hard  i>hii.sh  homfels  which  is  in  marked  contrast 
with  the  shales  iit  a  distance  from  the  contact.     The  limestone 
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of  the  Nevada  formation  which  is  normally  a  gray  fine  grained, 
ordinary  sedimentary  limestone  is  converted  at  the  contact  with 
the  monzonite  into  a  snow  white  marble  of  much  coarser  texture. 
At  the  contact  of  the  monzonite  with  both  shale  and  limestone 
there  are  developed  bodies  of  garnet  rock  which  carries  more 
or  less  chalcopyrite  and  which  can  only  be  interpreted  in  a  cer- 
tain sense  as  a  product  of  contact  metamorphism.  The  mon- 
zonite itself,  moreover,  has  its  character  modified  in  the  imme- 
diate vicinity  of  the  contact  with  the  surrounding  rocks.  At  a 
shaft  by  the  roadside  immediately  north  of  the  Monarch  claim, 
for  example,  the  monzonite  at  the  contact  is  much  finer  grained 
than  at  some  little  distance  away,  and  presents  the  features  of 
a  chilled  edge  of  an  intrusive  mass.  These  facts,  taken  with 
the  others  above  enumerated,  establish  the  intrusive  hypothesis 
upon  a  very  satisfactory  basis;  and  in  the  absence  of  any  evi- 
dence of  faulting  leave  it  unquestioned. 

A  small  isolated  area  of  the  monzonite,  occupying  a  few 
acres  upon  the  Sacramento,  Schley  and  Good  Enough  claims 
north  of  Pilot  Knob,  is  regarded  as  an  integral  part  of  part  of 
the  large  mass  underlying  Weary  Flat.  It  is  separated  from 
the  latter  by  but  a  few  hundred  feet.  It  cuts  both  the  Nevada 
limestone  and  the  White  Pine  shale  and  has  a  well  exposed  con- 
tact zone  of  garnet  rock  against  the  limestone.  If  erosion  had 
cut  but  a  little  deeper,  the  roof  of  sedimentary  rocks  in  the 
intervening  space  would  have  been  removed  and  the  two  areas 
thus  shown  to  be  one  as  indicated  in  the  section  C-D  on  the 
accompanying  geological  map. 

Just  beyond  the  confines  of  the  map,  however,  on  the  Taylor 
claim,  north-northwest  of  Pilot  Knob,  there  is  another  area  of 
the  monzonite  which  may  similarly  be  interpreted,  or,  inasmuch 
as  it  cuts  considerably  higher  into  the  sedimentary  rocks,  it  may 
be  regarded  as  an  apophysis  from  the  same  mass.  The  rock 
here  has  more  the  facies  of  a  quartz  monzonite,  there  being  a 
little  quartz  present.  It  has  associated  with  it  garnet  rock  carry- 
ing chalcopyrite  as  shown  by  prospecting  operations.  While  it 
is  clear  that  the  mass  of  monzonite  of  Weary  Flat  is  an  intrusive 
batholith  (or  possibly  laccolith),  it  seems  also  certain  that  the 
intrusive  process  was  peculiar  in  certain  ways.     Usually  in  the 


302 


Vnivcrinty  of  California  Pubticatiotii. 


la 


case  of  plutonio  intrumvcs  thftt  tJie  writer  hn&had  opportunil 
of  observing  there  is  evidence  of  greater  intensity  of  action. 
mufrnia  is  tuimlly  more  or  kiw  tlioroagbly  injected  into  thi 
(■ftsing  rock.t  along  their  structural  planes  or  across  the  beds 
fraoture  fiiisures.  The  eaeasin?  rocks  are  usually  shattered 
angular  fragments  are  scattered  out  into  the  body  of  the  irnip- 
tivc  There  is  usually  abundant  evidence  of  more  or  less  dynamic 
nietaninrphism  independent  of  the  contact  mctamorphism.  These 
phenomena  are  lacking  in  connection  with  the  Weary  Flat  bath- 
olith.  The  rocks  of  the  district  are  folded,  to  be  sure,  but  tl 
appear  to  have  been  thus  folded  anterior  to  the  batholithic  in' 
aion,  and  the  flexnres  are,  besides,  quite  open.  "We  must  thaa 
conclude  that  the  intrusive  act  was  of  a  rather  mild  type  and 
that  the  pressures  within  the  maguia,  whieh  gave  ri«c  to  the 
invasion  from  below,  were  not  far  above  the  point  of  cfjuilibrium 
when  it  had  reached  this  stage  in  its  upward  path  through  the 
earth's  crust.  Perhaps  this  \s  only  another  way  of  saying  that 
we  have  here  to  deal  with  the  summit  of  a  batholith,  the  level 
the  liquid  column  where  its  intrusive  force  was  about  spent] 
and  that  at  deeper  levels,  had  they  been  exposed  bjr  erosioa, 
should  have  had  revealed  to  us  the  more  commonly  observed 
phases  of  intrusive  phenomena. 

If  we  adopt  this  suggestion  we  have  in  it  an  explanation  of 
the  peculiar  geoniorphy  of  Wear;'  Flat.  This  is  a  ver;-  even 
slope  everywhere  underlain  by  the  nionzonite.  It  lies  at  the 
headwaters  of  a  ven-  feeble  desert  stream,  with  no  catchment 
area  behind  it.  so  that  we  ean  not  interpret  the  flat  slope  as  due 
to  stream  planation.  It  is  more  probable  that  the  present  sur- 
face of  the  monzonile  is  nearly  coincident  with  its  original  upper 
limit  where  it  was  overlain  by  the  soft  White  Pine  shale.  In 
this  view  of  the  case  the  genmorphic  expres.sion  is  strictly  con- 
trolled by  structure  and  the  structural  feature  involved  is  the 
nearly  Hat  contact  plane  between  a  batholith  of  hard  rock  and 
the  roof  {>f  an  overlying  soft  rock.'  If  it  were  otherwise,  then 
the  Weary  Flat  slope  must  be  due  to  the  planation  of  the  nion- 
Konite:  but  this  is  highly  improbable,  since  there  are  no  residual 
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knobs  of  the  latter,  and  the  soft  shale  occupies  higher  ground 
on  three  sides  of  the  mass.  It  may,  therefore,  be  safely  as- 
sumed that  the  batholith  was  nearly  flat  topped,  and  that  this 
flat  top  is  practically  the  present  surface  as  revealed  by  the  denu- 
dation of  the  shale  roof. 

Age  of  the  Monzonite. — The  only  rocks  actually  penetrated 
by  the  monzonite  are  the  Nevada  limestone  and  the  White  Pine 
shale  of  the  Devonian.  At  one  point  only,  a  little  to  the  south 
of  Pilot  Knob,  does  the  monzonite,  cutting  across  the  entire 
thickness  of  the  White  Pine  shale,  reach  the  contact  plane  be- 
tween this  formation  and  the  overlying  Ely  limestone.  It  does 
not  appear  to  rise  above  this  stratigraphic  horizon.  The  evidence 
is  thus  positive  as  to  its  post-Devonian  age.  The  reco^ition  of 
the  flat  topped  character  of  the  monzonite  bathoilth  precludes  us 
from  assuming  that  it  ever  penetrated  higher  into  the  Carbonif- 
erous formations  where  they  are  now  removed  by  erosion.  Yet 
it  requires  but  little  reflection  to  make  it  clear  that  the  date  of 
the  intrusion  is  not  only  post-Devonian  but  also  post-Carbonif- 
erous. The  investigations  of  the  geologists  of  the  40th  parallel 
survey  and  those  of  Hague  at  Eureka  and  White  Pine  indicate 
that  the  Carboniferous  and  Devonian  formations  of  this  part  of 
Nevada  form  a  perfectly  conformable  sequence.  This  is  con- 
firmed by  the  writer  ^s  studies  in  the  limited  field  of  the  Robinson 
Mining  District.  It  seems  to  be  quite  inconsistent  with  this  idea 
of  conformity  that  so  important  a  disturbance  as  the  intrusion 
of  a  batholith  could  have  affected  the  Devonian  rocks  in  pre- 
Carboniferous  time.  The  strata  of  both  the  Carboniferous  and 
the  Devonian  are  deformed  to  the  same  extent  and  seem  to  have 
suffered  this  deformation  anterior  to  the  invasion  of  the  mon- 
zonite into  the  Devonian.  If  we  should  assume  that  the  Car- 
boniferous and  Devonian  are  not  in  reality  conformable,  but 
only  apparently  so,  then,  since  the  monzonite  cuts  across  the 
entire  thickness  of  the  Devonian,  its  upper  surface  must  be  due 
to  erosion,  and  we  should  expect  a  conglomerate  or  an  arkose  at 
the  base  of  the  Carboniferous.  But  no  such  formation  exists 
here  at  the  base  of  the  Carboniferous.  Moreover,  since  the  mon- 
zonite cuts  across  the  entire  thickness  of  the  Devonian,  if  it  were 
intrusive  in  the  Devonian  prior  to  the  deposition  of  the  Carbon- 


iferous  (tod  were  not  exposed  by  ernRion,  it  roust  hnvp  uppeared 
St  the  Hurfaw  and  woidd  partake  ot  the  characters  of  n  voleaiiie 
CKtravasatioii.  But  it  has  Qoiie  ot  these  ohuraclurs  and  is  thor- 
oughly plutonic  in  its  habit.  "We  are,  therefore,  constrained  to 
regard  the  time  of  the  intrusion  a«  post-Carboniferous. 

Cmitacl  PImtiomena. — Along  the  contact  of  the  monzonite 
with  the  Nevada  limestone  and  with  tho  Whit*  Pine  Shale,  it  htm 
been  mentioned  that  considerable  bodies  of  garnet  rock  occur  as 
a  produet  of  cont«ft  luetamorphism.  These  are  not  without 
interest  from  an  eeonomie  point  of  view  since  at  their  outcrops 
they  afford  indications  of  the  presence  of  ctjpper  on-s.  Thtse 
indications  are  umially  in  the  form  of  malachite  and  nznrite 
stauis  and  di.'p08ita  in  more  or  less  decomposed  and  rusty  rock. 
Several  prospect  pits  and  tunnels  have  been  cut  into  this  contact 
zone  and  have  in  several  cases  resulted  in  finding:  ehaloopyril 
iuterlaminated  or  interspersed  through  the  garnet  mass.  As  y 
however,  no  important  deposits  of  ore  have  been  found  in  thiff 
situation,  the  most  favorable  being  at  the  Taylor  claim,  near 
the  apophysis  of  the  monzonite  already  mentioned  to  the  north- 
norfhwest  of  I*iIot  Knob,  a  little  beyond  the  limits  of  the  map. 
Here  very  good  ore  is  found  in  the  garnet  rock,  but  the  question 
as  to  its  ipinntity  had  not  been  settled  at  the  time  of  the  writer's 
visit  in  1904. 

The  Xevfulii  limestone  on  the  contact  of  which  the  trarnet 
rock  is  most  abundantly  developed  is.  in  several  ca.ses  observed. 
thoroughly  maniiorized.  A  typical  sample  of  the  gai-net  roek 
from  a  pit  to  the  north  of  Pilot  Knob  was  examined  niieroscop- 
ieally.  It  consists  of  a  niesostasis  of  garnet  partly  isotropic  and 
partly  doubly  refracting.  In  this  are  imbedded  rather  niitnerous 
irreL'iihirly  bdiititli'd,  but  more  or  less  elongated-  colorless  crys- 
tals with  a  lii^'b  refractive  index  and  a  strong  double  refraction. 
These  cry.stajs  have  a  cleavage  parallel  to  the  elongation  and 
the  angles  of  extinction  measured  against  this  cleavage  have  a 
biiib  value.  It  is  very  probable,  therefore,  that  the  mineral  is 
di"|isidi.'.  With  tlie  diopside  there  are  aj.so  numerous  stout  lies- 
jiL'i'iial  jirisMis  of  itpalile.  There  are  also  areas  of  ealeitc,  of  i|uile 
in'ef:ul;ir  bnundarics.  and  areas  of  linionite  in  the  garnet.  The 
rocit  eft'ervesces  freely  with  dilute  acid. 
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Another  sample  of  garnet-chalcopyrite  ore  from  the  shaft 
on  the  Taylor  claim  consists  mostly  of  garnet  with  rough  jagged 
fracture  shot  through  with  chalcopyrite.  The  rock  has  a  rudely 
sheeted  structure.  In  thin  section  the  field  is  murky  and  con- 
sists of  nothing  but  impure  doubly  refracting  garnet,  more  or 
less  distinctly  idiomorphic,  with  interstitial  chalcopyrite  carry- 
ing small  irregular  grains  of  quartz. 

Petrographical  Character. — The  normal  fades  of  this  intru- 
sive mass  is  a  medium  textured  gray  rock  composed  of  whitish 
feldspar  and  black  hornblende  as  a  matrix  in  which  are  im- 
bedded large  flesh  tinted  fresh  feldspars  up  to  15  mm.  in  size. 
A  very  sparing  amount  of  quartz  may  be  detected  with  a  lens 
on  weathered  surfaces.  The  feldspar  was  assumed  in  the  field 
to  be  orthoclase  and  the  rock  was  designated  a  syenite.  A  micro- 
scopic study  of  the  rock,  however,  shows  that  there  is  a  large 
proportion  of  plagioclase  giving  extinction  angles  in  sections 
normal  to  (010)  up  to  20°,  and  having  a  refractive  power  greater 
than  that  of  balsam.  This  feldspar,  having  the  characters  of 
andesine,  is  not  less  in  amount  than  the  orthoclase,  a  fact  which 
clearly  indicates  that  the  rock  should  be  classed  with  the  mon- 
zonites  rather  than  with  the  syenites.  The  orthoclase  is  distin- 
guished in  general  from  the  andesine  by  the  absence  of  twinning 
and  by  the  fact  that  it  shows  a  lower  refractive  power  than  the 
balsam.  The  hornblende  occurs  in  fairly  idiomorphic  crystals 
of  small  size.  Quartz  is  very  sparingly  represented  in  the  sec- 
tion. The  accessory  minerals  are  apatite,  titanite,  and  mag- 
netite. The  structure  is  hypidiomorphic  granular  as  regards 
the  general  body  of  the  rock;  but  this  sei'ves  as  a  matrix  for 
large  phenocrysts  of  orthoclase.  The  phase  of  this  monzonite 
cutting  the  limestone  and  shale  at  the  Taylor  Mine  to  the  west 
of  Pilot  Knob  shows  some  minor  variations  from  the  prevailing 
character  of  the  mass  underlying  Weary  Flat.  In  the  specimens 
taken  from  this  locality  the  ground  mass  is  finer  grained  and 
the  phenocrj^sts  are  more  numerous.  The  hoi'nblende,  where 
fresh,  occurs  in  longer  prisms,  but  much  of  it  is  represented  only 
by  pseudomorphs  of  limouite.  Quartz  is  a  little  more  abundant. 
Apatite  and  titanite  are  more  prominently  developed.  The  large 
phenocrysts  of  orthoclase  attain  a  length  of  25  mm.  and  they 


often  abow  CarUbad  twiimiiii;.     A  utntact  faciea  of  the  nioo- 
Bonite  whiTf  it  t-oim-H  in  L^onlJict  with  tin;  Nevada  Limestone  on 
the  roadside  just  north  of  the  Monnreh  Claim  was  atndied  i 
specimens  taken  from  a  prospect  pit  on  the  contact.     The  ro< 
is  B  medium  (Trained,  gray,  porphyritic  rock  made  up  apparentljp^f 
chiefly  of  feldspar  with  a  subordinate  admistnre  of  a  dark  min-l 
eral.     In  thin  section  the  rock  appears  as  on  allotriomorphic  1 
aggregate  of  orthoelase  and  plapionlase  in  which  are  imbedded  I 
numerous  phenocrysts  of  light  green  augite  and  a   few  green  J 
hornblendes.     The  accessory  minerals  are  apatite,  titauite,  andfl 
zircon  in  rather  numerous  but  small  cr^'stals  and  a  few  granulettfl 
of  iron  ore.    Another  specimen  from  the  same  pit  is  finer  grained  f 
and  more  decomposed.     It  effervesces  feebly  with  dilute  acid.  J 
In  thin  section  the  rock  ia  an  aggregate  of  more  or  less  idift- 
morphic  feldspars  now  wholly  replaced  by  ealcite  and  kaolin  and 
some  yellow  epidote.     Nearly  colorless  chlorite  occurs  in  nests, 
representing,  doubtless,  Ihe  decomposition  prodnct  of  an  original 
ferromagnesian  constituent.    Large  crystals  of  apatite  are  nota- 
ble features  of  the  slides,  and  considerable  titanite  is  present.    A 
very  little  secondary  quartz  may  also  be  detected. 

Chemical  Composition. — ^The  identification  of  the  rock  as  a 
monzonite  on  the  basis  of  niieroseopic  study  is  confirmed  by  a 
chemical  analysis  which  has  been  made  by  Mr.  Herbert  Ross 
since  the  above  was  written.  The  sample  selected  for  analysis 
was  taken  from  a  prospect  pit  on  Weary  Flat  to  the  south  of 
the  road  between  Copper  Flat  and  Pilot  Knob.  The  anah-sis 
of  the  rock  from  Hodritseh,  Ilungaiy,  quoted  from  von  Hauer 
i»y  Briijryer*  as  that  of  a  typical  monzonite  is  cited  for  compari- 
son.   The  two  analyses  are  given  in  the  following  table  r 
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ANALYSIS   OP    MONZONITE. 

Weary  Flat,  Hodritsch, 


Nevada. 

Hungary. 

SiO, 

61.69 

61.73 

AlA 

17.26 

17.45 

FeA 

3.53 

5.94 

FeO 

1.91 

•    •   •    • 

MnO 

.09 

•    •   ■    • 

MgO 

1.45 

2.29 

CaO 

5.49 

4.52 

Na^O 

3 .  05 

3.12 

K^O 

3.88 

3.88 

BaO 

.10 

•    •   •    • 

P.O5 

.34 

•    •   •    • 

CI 

.03 

•    •   •    • 

H,0  (ig) 

.73 

1.16 

99.55  100.09 

The  mineralogical  composition  of  the  rock  as  inferred  from 
the  analysis  may  be  expressed  approximate!}-  as  follows: 

Per  cent. 


Orthoclase 

23.00 

Albite 

26.00 

Anorthite 

22.00 

Hornblende 

15.00 

Quartz 

13.00 

Apatite 

.65 

99.65 

It  would  appear  from  this  that  a  very  large  proportion,  if 
not  all,  of  the  orthoclase  is  present  in  the  form  of  the  large 
phenocrysts,  the  matrix  of  the  rock  in  which  these  are  imbedded 
having  the  character,  when  considered  by  itself,  of  a  quartz 
diorite  which  consolidated  at  the  eutectic  point  of  the  cooling 
magma.  The  amount  of  quartz  revealed  by  the  analysis  is  some- 
what higher  than  was  inferred  from  the  microscopic  study  of  the 
rock.  The  presence  of  small  (juantities  of  manganese  and  ba- 
rium is  noteworthy.  In  spite  of  the  fact  that  copper  ores  occur 
at  the  contact  of  this  monzonite  with  the  encasing  formations, 
neither  the  results  of  the  analysis  nor  the  f  I'esh  condition  of  the 
rock  lend  support  to  the  idea  that  such  copper  was  derived  from 
the  monzonite.  The  absence  of  sulphides  is  a  noteworthy  feature 
of  the  rock,  and  is  a  point  of  striking  contrast  with  other  igneous 
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nx'ltB.  to  lie  di'scrifKKl  lalt'r,  which  have  an  important 
to  I'opper  fire  bodies.    It  is  to  bo  remarked,  however,  that  n 
of  the  monzonite  elass  are  beins  more  and  more  recognized 
rc^OQS  where  copper  ore  abounds.     Possibly  the  roek  contains 
traces  of    copper  which   cannot   be  detected  by  the   ordinaiy 
methods  of  analysis,  and  this  may  be  brought  up  from  the  deeper 
portions  of  the  irrnptive  mass,  whence  come  the  aqueons  eniar>j 
nations  that  induce  the  formation  of  pamet  and  other 
nietamorphic  minerals,  including  chaleopyrite. 


MONZONITE  POBPHYBT  DYKEa 

At  several  Incalilies  within  the  district,  but  most  abundantly 
on  the  l)order  of  the  area  mapped  on  the  north  side  of  Lane 
Valley,  there  occur  dykes  of  n  remarkably  coarse  porphyritic 
nick,  a  pelroffraphical  study  of  which  reveals  its  chai-aeter 
nion^onite  porphyry.    To  the  north  of  Ivane  City  the  dykes 
of  large  dimensions  and  at   their  contact  with  the  limcstooBi 
there   is   commonly   developed   an   abundance   of   Eamet 
Specimens  taken  here  may  be  described  as  having  a  greenii 
gray  trround  mass  in  which  are  imbedded  huge  crystals  of  fresh 
orthoclase  with  flesh   tinted,   lustrous  cleavages,   smaller   feld- 
spatbic  phenocrysts  and  black  hornblendes. 

I'li rograph y.—X'nder  the  microscope  the  f;round  mass  ap- 
pears as  a  mieroEranitic  aEprcEate  of  non-striated  feldspar  and 
(|uartz.  the  former  predominating.  In  this  ground  mnas  are 
imbedded  idiomorphic  phenocrysts  of  orthoclase.  plagioclase. 
<rreen  hornblende,  frreen  augite,  abundant  t.itanite,  a  few  large 
apiitites.  and  an  occasional  much  corroded  crj-stal  of  quartz. 
The  plagioclase  has  the  optical  characters  of  oligoelase.  It  is, 
however,  commonly  xniicd.  Combinations  of  Carlsbad  and  albite 
twinning  arc  of  frequent  occurrence.  The  hornblende  is  strongly 
abfioibeiit.  The  augite  is  of  a  clear  chrome-green  color,  non- 
pli'ocbriiic,  octagonal  in  sections  transverse  to  the  prism,  and 
exhibiis  ii  stront:!y  marked  cleavage,  against  which  the  estinc- 
tiiin  ill  loimitudinal  sections  reaches  4^.  The  titanite  is  a  re- 
liiiirkiibie  feature  of  the  slides,  some  large  crystals  showing  fine 
luinniiig.  The  apatite  is  in  part  inclosed  in  the  hornblende. 
There  are  also  a  few  grains  of  opaque  iron  ore.     The  smaller 
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feldspars  range  up  to  about  4  mm.  in  their  longest  dimension, 
and  the  hornblendes  attain  a  length  of  6  mm.,  while  the  large 
orthoclases  are  usually  from  10  to  20  mm.  in  length,  though  in 
some  phases  of  the  rock  they  are  as  much  as  50  to  75  mm.  long 
and  proportionately  broad.  In  other  specimens  of  the  rock  from 
the  same  locality  no  quartz  can  be  detected  with  certainty,  and 
the  orthoclase  and  plagioclase,  the  latter  having  a  maximum  ex- 
tinction angle  in  the  zone  normal  to  (010)  of  23°,  occur  in  about 
equal  proportions. 

In  the  vicinity  of  the  copper  bearing  porphyry  four  occur- 
rences of  this  monzonite  porphyry  have  been  found,  all  of  them 
quite  limited  in  extent.  Of  these,  two  are  found  in  the  Ruth 
limestone,  one  in  the  Arcturus  limestone,  and  one  in  the  por- 
phyry itself,  but  so  near  its  contact  with  underlying  limestone 
that  it  is  quite  doubtful  whether  it  really  cuts  the  porphyry  or 
not.  They  all  have  the  same  general  microscopic  characters 
and,  although  their  actual  contact  with  the  surrounding  rock 
is  in  no  case  exposed,  they  can  only  be  interpreted  as  dykes. 
In  the  northwest  comer  of  the  Spion  Kop  claim  the  monzonite 
porphyry  dyke  presents  a  greenish  gray  matrix  in  which  are 
imbedded  flesh  tinted  orthoclases  with  Carlsbad  twinning,  an 
occasional  crystal  of  yellow  titanite,  nests  of  epidote  and  some 
scattered  cubes  of  pyrite.  In  thin  section  the  rock  is  seen  to  be 
much  decomposed.  The  ground  mass  is  a  holocrystalline,  pan- 
idiomorphic  aggregate,  consisting  chiefly  of  feldspar  in  which 
secondary  calcite,  epidote  and  pyrite  occur  very  commonly.  In 
this  are  imbedded  the  large  orthoclases,  titanite,  a  little  quartz 
and  a  ferromagnesian  mineral  changed  almost  wholly  to  chlorite. 
No  lamellar  twinning  was  observed  in  the  feldspars,  but  it  is 
probably  obscured  by  the  decomposition  which  has  affected  them. 

A  similar  dyke  is  exposed  in  a  small  prospect  hole  near  the 
forks  of  the  road  to  the  west  of  the  Ruth  Mine.  The  rock  is  the 
same  as  that  just  described  except  that  apatite  is  a  notable  fea- 
ture of  the  slides. 

Another  occurrence  is  in  the  saddle  of  the  ridge  just  north 
of  the  Blair  claim.  The  rock  here  has  a  compact  gray  matrix 
in  which  are  imbedded  large  orthoclase  crystals  up  to  25  mm. 
in  length  with  Carlsbad  twinning  and  fresh  lustrous  cleavages. 


smaller,  dull  white  feldspurx  and  numerous  hiaoM  hombleDcka' 
iij)  to  15  mm.  in  length.  Uiidsr  the  mwroBcope  the  ground  mam 
pnivei*  to  he  very  murky.  It  is  largely  isotropic  hut  with  doubly 
reEracting  areas  in  it.  The  smaller  feldspars  can  not  tM>  advan- 
ta^uitsly  studied  owing  to  their  dwoniposition.  Apatite  is  t 
common  Bcceiwory. 

The  fourth  occurrence  is  about  a  quarter  of  a  mile  to 
southeast  of  the  Ruth  Mine.     Mncroscopieally  it  resembles 
occurn>nee  on  the  Spion  Kop  claim  and  under  the  microsco| 
it  differs  from  that  rock  only  in  the  presence  of  apatite  in 
thin  slides. 

Chemical  Composition. — A  representative  specimen  of  the 
monzonite  porphyry  taken  from  the  ixwurrenee  north  of  Lane 
City  was  analyzed  by  Mr,  Ross  with  the  following  results: 
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Relation  lit  Mimzoiiitr  BathoUth. — The  analysis  is  noteworthy 
for  its  close  similarity  to  that  of  the  monzonite  of  Wearj-  Flat. 
Tlii.s  similarity  of  chemical  composition  sufTposts  an  identity  of 
milinna  for  the  two  rocks.  So  far  as  the  field  evidence  is  con- 
cerned there  is  little  that  can  he  adduced  in  opposition  to  this 
sn<:>:estJon.  The  nmn/onite  porphyry  may  be  the  dyke  fiicies 
of  the  monzonite  of  Weary  Flat.  The  oue  donbt  that  arises  is 
due  to  the  ot'cnrrcnce  of  a  very  small  mass  of  the  monzonite 
[)nriiliyry  within  the  area  of  the  copper-bearing  porphyry  near 
the  north  boniidary  of  the  Blair  claim.  This,  however,  is  so 
near  the  contJict  {if  the  p()rphyry  with  the  underlying  limestone 
that  it  may  be  interpreted  as  a  portion  of  the  floor  upon  which 
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the  porphyry  rests,  that  is,  as  a  dyke  cutting  the  limestone  but 
not  the  porphyry.  If  the  monzonite  porphyry  is  thus  to  be  re- 
garded as  directly  and  genetically  connected  with  the  monzonite 
of  Weary  Flat  as  a  dyke  facies,  it  is  remarkable  that  the  pheno- 
crysts  of  the  small  intrusive  masses  (dykes)  are  as  a  rule  many 
times  larger  than  the  crystals  of  the  same  mineral  in  the  larger 
batholithic  mass  of  which  the  dykes  are  apophyses.  In  support 
of  the  correlation  of  these  dykes  with  the  Weary  Flat  monzonite, 
the  further  fact  may  be  mentioned  that  the  contact  phenomena 
of  both  rocks  against  the  limestones  is  closely  the  same,  particu- 
larly in  the  development  of  large  bodies  of  garnet  rock.  On 
the  other  hand  it  is  somewhat  remarkable  that  none  of  these 
dykes  have  been  observed  anj^where  on  the  immediate  periphery, 
or,  indeed,  in  the  vicinity,  of  the  main  mass  of  monzonite  at 
Weary  Flat.  In  view  of  the  absence  of  direct  evidence  of  con- 
nection between  the  two  rocks,  it  must  be  confessed  that  the 
question  of  their  relationship  remains  as  yet  unsettled,  but  the 
view  that  the  dykes  are  apophyses  of  the  batholith  seems  fairly 
probable. 

THE   COPPER-BEARING   PORPHYRY. 

The  term  porphyry  is  here  used  in  the  popular  sense.  In 
mining  communities  the  term  is  applied  very  freely  to  the  lighter 
colored  volcanic  and  intrusive  rocks  in  much  the  same  wav  that 
the  expression  trap  is  used  for  the  darker  rocks  of  basaltic 
character.  It  is  very  rarely  applied  to  rocks  of  plutonic  habit. 
It  is  particularly  used  for  intrusive  and  volcanic  rocks  with 
which  ores  are  directly  or  indirectly  associated.  The  usage  is 
not  definitive  and  affords  little  or  no  intimation  as  to  the  place 
of  the  rock  so  named  in  any  system  of  classification.  To  the 
petrographer  the  term  is  simply  descriptive  of  the  presence  of 
a  porphyritic  structure  which  is  common  to  many  different  kinds 
of  rocks;  but  in  the  popular  usage  even  this  is  not  essential 

In  the  present  case  the  popular  term  is  the  more  readily 
adopted  as  a  preliminary  designation  from  the  fact  that  owing 
to  its  very  thorough  decomposition  the  rock  we  are  here  con- 
cerned with  is  difficult  to  classify.  It  is  a  light  yellowish  or 
whitish  feldspathic  rock  with  a  prevalent  porphyritic  structure 
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and  n  eeueral  nhnence  of  ferroiiugneftinD  minerals.  IIa  morp 
precise  Hharaptcrization  and  its  variations  will  appear  from  the 
detailed  descriptious  to  be  gixen  after  it«  broader  features  as  a 
faetor  in  the  geology  of  this  field  have  been  considered. 

Extent. — An  inspection  of  the  geological  map  of  tlie  district 
will  show  that  the  porphyry  occupies  two  quite  distinct  areas. 
One  of  these  extends  from  Copper  Flat  westward  to  Rusty 
Ridge  at  the  west  of  the  map.  This  area  Las  an  east  and  west 
extent  of  nearly  three  miles  and  a  maximum  width  of  five-sisthg 
of  s  mile.  The  area  is  continuoas  and  there  are  no  outlying  i 
patches  of  the  same  rock  in  its  vicinity.  I 

The  second  area  extends  from  Ocher  Valley  eastward  to  a 
little  beyond  the  eastern  limit  of  the  map  near  the  Chainman 
Mine.  This  area  has  also  an  east  and  west  extent  of  about  three 
miles  and  a  maximum  width  at  the  Ruth  Mine  of  about  three- 
Jifths  of  a  mile.  This  area  is  more  irregrular  in  outline  and  less 
continuous  than  the  western  area.  It  has  in  fact,  in  consequence 
of  its  disseetioo  by  erosion,  been  separated  into  two  distinct 
parts,  the  less  extensive  of  which  is  in  the  vicinity  of  the  Sairton 
and  Chainman  Mines.  These  two  areas  of  porphyrj'  lie  in  a 
distinct  east  and  west  a!lig:nment  and  form  a  belt  of  rock  tra- 
versing the  district  which  has  determined  not  only  the  distribu- 
tion of  the  economically  important  minerals  but  also  the  evo- 
lution, under  erosion,  of  the  geomorphie  features  of  the  regi 
It  is  noteworthy  that  this  allignment  and  the  -features  deter- 
mined by  it  are  transverse  to  the  general  trend  of  the  Egau 
Range  and  to  its  dominant  structural  lines. 

The  break  in  the  continuity  of  the  porphyry  belt  at  Oeher 
Valley  in  the  central  part  of  the  district  might  on  a  rapid  survey 
be  referred  to  its  dissection  by  erosion,  but  a  more  careful  ex- 
amination of  the  contact  between  the  porphyry  and  the  adjacent 
rock  shows  that  there  is  little  warrant  for  this  view,  and  that 
the  two  areas  probably  have  always  been  distinct  at  the  surface, 
although  doubtless  connected  at  depth. 

liilrxsivc  Itclaliuns. — The  evidence  as  to  the  relations  be- 
tween the  porphyry  and  the  adjacent  Palaeozoic  formations  is 
ill  Lreiiei'al  quite  satisfactory  and  establishes  the  fact  that  the 
porpbyrj-  is  inlriisive  in  the  sedimentary  rocks.     This  evidence 
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is  of  two  kinds:  (1)  the  structural  relations  of  the  porphyry 
mass  to  the  surrounding  strata;  and  (2)  the  contact  metamor- 
phism  displayed  at  several  points  on  the  margin  of  the  porphyry. 

Structure. — The  structural  evidence  of  the  intrusion  of  the 
porphyry  is  perhaps  most  apparent  in  the  eastern  area  and 
particularly  in  the  vicinity  of  the  Ruth  Mine.  Here  the  por- 
phjrrj'  belt  lies  transverse  to  a  well  marked  northerly  pitching 
syncline  of  the  Ruth  limestone.  On  the  south  side  of  the  por- 
phyrj^  belt  different  stratigraphic  horizons  of  the  Ruth  limestone 
abut  upon  it  and  the  plane  of  contact  does  not  conform  to  the 
planes  of  stratification,  but  in  general  appears  to  dip  under  the 
porphyry.  On  the  north  side  of  the  belt,  the  Ruth  limestones 
overlie  the  porphyry,  dipping  away  from  it  but  again  meeting 
it  at  different  stratigraphic  horizons.  It  is  evident  from  this 
relationship  not  only  that  the  porphyry  is  intrusive  in  the  Ruth 
limestone,  but,  also,  that  the  intrusion  occurred  subsequent  to  the 
establishment  of  the  synclinal  structure. 

The  way  in  which  the  upper  surface  of  the  porphyry  passes 
beneath  the  limestone  at  low  angles  on  the  north  side  of  the 
belt,  the  strata  dipping  away  from  the  intrusive  mass,  suggests 
strongly  that  the  structure  is,  in  general,  for  this  part  of  the  belt, 
laccolithic.  On  both  flanks  of  the  Ruth  syncline  the  porphyry 
comes  in  contact  with  the  underlying  Arcturus  shaly  limestone. 
On  the  west  flank  it  appears  to  pass  beneath  the  Arcturus  for- 
mation although  cutting  across  various  horizons.  On  the  east 
it  passes  over  upon  the  Arcturus  formation. 

On  Jupiter  Ridge  and  from  thence  eastward  to  the  Chain- 
man  Mine,  the  mapping  of  the  porphyry  indicates  that  it  lies 
upon  the  White  Pine  shale  as  a  warped  sheet,  partly  removed 
by  erosion,  but  cutting  across  the  contact  of  the  shales  with  the 
overlying  Ely  limestone.  On  the  lower  flanks  of  this  slope  at 
the  upper  end  of  Lane  Valley,  it  is  mantled  by  the  remnants  of 
a  roof  of  limestone  and  it  probably  sustains  a  similar  relation 
to  two  other  areas  of  limestone  between  this  and  the  Chainman 
Mine  although  this  relationship  was  not  established  in  the  field. 

In  the  western  area  of  porphyry  the  laccolithic  character  of 
the  intrusion  is  even  more  apparent.  Along  the  eastern  edge 
of  this  area,  in  the  vicinity  of  Copper  Flat,  the  upper  surface 
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of  the  porphyry  passeti  beneath  the  westers  edge  of  the  Arctama 
shaly  limestone  Ht  a  rather  low  angk-.  To  the  west  of  Copper 
put,  huweviT.  beyond  tlui  iinrthcHst-soulhwest  fault  shown  upon 
the  map,  the  base  of  the  porphyry  mass  may  be  traced  without 
a  break  for  about  two  miles  and  a  half,  resting  first  upon  the 
White  Pine  shales,  then  upon  the  Weary  Plat  mouEonite,  then 
upon  ihe  Kly  limestone,  then  upon  the  shales  again  and  finally 
upon  the  Kly  liniestom^  to  the  north  of  Rusty  Ridge.  West  of 
Weary  Flat,  the  trend  of  this  lower  edge  of  the  porphyry  mass 
is  transverse  tii  both  the  strike  end  dip  of  the  strata  upon  whieh 
it  rests;  and  it  is  evident  from  the  mapping  that  the  rupture, 
through  whieh  the  porphyry  magma  welled  up  from  below,  was 
formed,  as  in  the  case  of  the  mass  lying  in  the  Ruth  ayncline 
quite  independently  of  the  preexisting  structure  as  expressed  in 
stratification  and  flexure. 

On  the  south  side  of  this  western  area  of  porphyry,  the  upper 
surface  of  the  inti-usive  mass  cuts  across  the  strata  of  the  Ely 
limestone  in  the  Rib  Hill  anticline  and  appears  to  pass  benpath 
it.  On  the  western  flanks  of  this  anticline  it  cuts  similarly 
across  the  strata  of  the  Arcturus  formation  while  plunging  he- 
ncHth  it.  At  the  extreme  western  limits  of  the  porphyn,'  belt 
the  intrusive  mass  seems  to  wedge  out  rather  abruptly  but  this 
point  did  not  receive  as  much  attention  as  the  writer  would  like 
to  have  given  it. 

From  the  above  summary  statement  of  the  structural  rela- 
tions of  the  porphyry  to  the  rocks  which  are  adjacent  to  it. 
there  can  be  left  no  room  for  doubt  as  to  its  intrusive  charaeler. 
The  suggestion  that  the  intrusion  is  of  the  nature  of  a  laccolith 
may,  perhaps,  be  <|uestioned  on  the  ground  that  the  mas^  cuts 
across  the  strata  of  the  encasing  formations.  That  it  does  so  is 
probably  due  to  the  fact  that  the  strata  were  folded  anterior  to 
the  intrusion.  The  laccolithic  chamber  for  the  reception  of  the 
Tiiairniii,  purticularly  in  the  western  area,  has  a  floor,  which  while 
uneven,  iippears  to  have  an  approximation  to  the  horizontal,  and 
till-  iiNi'ression  that  one  gets  from  the  mapping  is  that  the  hori- 
/oiiiiil  ilii(icn!ii(ins  of  the  mass  are  much  greater  than  the  vertical. 
T]]iTc  werii.s  to  lie  little  qnestion  but  that  the  sedimentarj-  rocks 
once  iiivhcd  eoinpletely  over  all  of  the  porphyry,  although  there 
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may  of  course  have  been  vents  in  the  arch  to  the  surface  as  it 
existed  at  the  time  of  the  intrusion. 

Cont(ict  Metamorphism. — The  conclusion  which  has  been 
reached  on  purely  structural  grounds  as  to  the  intrusive  char- 
acter of  the  porphyry  is  confirmed  by  evidence  of  contact  action 
which  has  been  detected  at  various  points  on  the  periphery  of 
the  mass.  The  southeni  border  of  the  porphyry  to  the  east  of 
the  Ruth  Mine  is  characterized  by  a  zone  of  vermilion  colored 
earthy  material  which  lies  between  it  and  the  limestone.  To 
the  south  of  the  porphyry^,  immediately  opposite  the  Ruth  Mine, 
the  first  rock  that  one  meets  is  passing  from  the  intrusive  to- 
ward the  Ruth  limestone  is  a  body  of  yellowish  green  garnet 
rock  associated  with  magnetic  and  limonitic  iron  ore. 

The  garnet  rock  has  frequently  a  miarolitic  structure,  show- 
ing cavities  with  drusy  crystals  of  garnet  up  to  2  mm.  in  diam- 
eter. Occasionally  there  is  a  green  copper  stain.  Even  the  most 
massive  phases  of  the  rock  appear  in  thin  section  to  be  made  up 
of  an  aggregate  of  fairly  well  formed  crystals.  The  garnets  are 
isotropic.  There  are  occasional  small  veins  of  quartz  traversing 
the  garnet,  and  small  areas  of  yellow  stained  quartz  aggregates 
occur.  The  iron  ore  w^ith  which  this  garnet  rock  occurs  is  found 
in  considerable  bodies  over  several  acres  of  ground  but  is  not 
intermixed  with  the  garnet.  In  hand  specimens  it  is  feebly 
magnetic,  shows  yellowish  stains  and  has  the  yellow  streak  of 
limonite.  In  thin  section  it  is  chiefly  opaque,  but  is  shot  through 
with  irregular  areas  and  veinules  which  are  translucent  to  red- 
dish yellow  light.  The  ore  is  evidently  a  mixture  of  limonite 
and  magnetite.  A  sample  analyzed  by  ]\Ir.  Ross  contained  6^.6 
per  cent.  iron. 

At  the  contact  of  the  porphyry  with  the  Ely  limestone  on 
the  Jupiter  claim,  there  have  been  developed  bodies  of  yellowish 
green  garnet  rock  which,  in  thin  section,  is  seen  to  be  an  aggre- 
gate of  more  or  less  idiomorphic  crj'stals  of  doubly  refracting 
garnet,  with  angular  spaces  between  the  crystals  filled  with 
calcite. 

At  the  same  contact  on  the  Emma  G.  claim,  the  limestone 
has  been  changed  to  a  white  marble  or  a  mixture  of  calcite  and 
garnet.    In  places  it  may  be  called  a  garnet  rock  with  a  subor- 
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difiate  proportion  of  «alcite,  in  which  are  imbedded  irregular 
grains  and  idiomorphic  crj-stals  of  quartz.  AasociBted  with  the 
calcitc  is  a  biaxial  mineral  with  lamellar  nlructure.  a  rcfmitive 
indes  leas  than  that  of  quartz,  a  double  refraction  about  th.it 
of  quartz  or  less,  a  pronounced  eleavsge  and  a  twin  atructure, 
which  is  thus  idcntiliod  aa  gypsum.  Where  the  garnets  prevail 
the  stmeture  is  miarolitic;  where  the  calcite  prevails  tb«  inimeU 
occur  in  nests  and  stringers  through  it. 

At  another  locality  on  the  aame  contact  a  yellowish  garnet 
rook  occurs  witli  drusy  surfaces,  in  eraeVs,  of  small  yellow  gar- 
nets and  Binall  veins  of  calcite.  The  garnet  in  this  case  has  a 
eonal  structure  and  is  doubly  refracting.  Nearly  colorless  epi- 
dote  occurs  in  aggregates  of  grains  enclosed  in  the  garnet. 

Just  to  the  west  of  Copper  Flat  and  at  Pilot  Knob  occur 
considerable  bodies  of  iron  ore  which  seem  to  have  tlie  same  rela- 
tion to  the  porphyry  that  the  iron  ore  at  the  Ruth  does,  although 
the  porphyrj*,  particularly  at  Pilot  Knob,  has  been  well  removed 
by  erosion  from  the  immediate  vicinity  of  the  ore.  The  iron 
at  Pilot  Knob  is  n  black  to  metallic  gray  magnetite  with  a 
what  vitreous  luster.  It  is  compact  and  shows  no  granular  struc- 
ture. Thin  sections  are  quite  opaque  except  for  a  few  areas  and 
veins  translucent  to  reddish  yellow  light.  This  is  the  largest 
body  of  iron  ore  observed  in  the  district. 

It  is  noteworthy  that  all  the  obser\-ed  occurrences  of  this 
contact  garnet  rock  and  iron  ore  are  on  the  lower  side  of  the 
1    rj  I  iss.     It  is  also  to  be  remarked  that,  while  these  pro- 

d     t    a      r  yarded  as  the  result  of  contact  metamorphism.  they 
n  no  s  use  be  ascribed  simply  to  thermal  metamorphism  in 
tl     sai  e     ay  that  common  limestone  is  converted  into  marble, 
r       1      state  to  an  aiidahisite  hornfels*  without  change  of  bulk 

[      t  It  is  evident  that  they  are  the  products  of  a  reac- 

1   t  the  intrusive  porphyry  and  the  adjacent  limestone, 

llii.  liiuL  <t  the  srarnets  was  doubtless  derived  from  the  lime- 
stone, bill  Ibe  ciirboiiic  acid  was  eliminated  and  the  silica  must 
Jiave  buL'U  derived  from  the  porphyry.  The  most  probable  means 
"  111' ruby  tlif  reaction  was  effected  was  aqueous  solutions  cma- 
iijitiiij:  from  the  poi'pliyrj-  and,  this  being  the  case,  the  process 

"  i-.i/..  Till.'  t,i]]iai.(  iiiin;  at  Barr  AndJao  deaeribed  by  Boseobuscli. 
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of  garnet  formation  might  have  gone  on,  and  probably  did  go 
on,  after  the  actual  solidification  of  the  intrusive  mass. 

Regarding  the  origin  of  the  iron  ore  little  can  with  confi- 
dence be  stated.  This  much  is  known,  however,  that  bodies  of 
iron  ore  similar  to  those  occurring  in  this  district,  and  often  on 
a  much  larger  scale,  are  common  at  the  contact  of  intrusive  rocks 
with  limestone.  In  some  cases  these  ore  bodies  are  known  to 
have  originated  long  after  the  solidification  of  the  igneous  rock 
and  to  have  resulted  from  the  leaching  of  the  iron  from  it  and 
its  precipitation  at  the  contact  with  the  limestone.  It  would, 
therefore,  again  not  seem  necessary  to  regard  the  iron  ore  as 
in  any  way  the  product  of  the  direct  reaction  of  the  molten 
magma  upon  the  limestone,  but  an  after  product,  due  to  the 
precipitation  of  the  iron  oxide  at  the  contact  of  the  limestone 
from  soluble  salts  due  to  the  downward  leaching  of  the  por- 
phyry. The  particular  reaction  which  has  effected  the  precipi- 
tation of  iron  oxide  by  carbonate  of  lime  under  such  circum- 
stances is  not  .known,  but  doubtless  a  chemical  investigation 
would  make  it  clear. 

At  the  contact  of  the  porphyry  with  the  monzonite  of  Weary 
Flat  the  former  is  curiously  modified  locally.  In  some  prospect 
pits  that  have  been  opened  along  the  wagon  road  between  Copper 
Flat  and  Pilot  Knob,  the  monzonite  is  exposed  in  proximity  to 
the  overlying  porphyry.  Here,  the  only  part  of  the  monzonite 
that  is  left  is  the  large  porphyritic  crystals  of  orthoclase,  and 
even  these  are  charged  with  limonite  giving  them  a  yellow  color. 
The  form  and  cleavage  of  the  orthoclases  are  intact  and  the 
faces  reflect  the  light  well.  All  the  rest  of  the  rock,  or  the  entire 
matrix  in  which  the  porphyritic  orthoclases  are  imbedded,  has 
been  altered  to  a  reddish  cellular  a<;gre<^ate  of  limonite  and 
silica.  In  thin  sections  of  this  altered  rock  the  orthoclase  is 
perfectly  fresh,  showing  no  kaolinization  j)rodncts,  althoiijjrh  con- 
taining much  limonitic  pigment.  Carlsbad  twinning  is  common, 
and  in  some  sections  free  from  limonite  a  good  biaxial  figure 
was  obtained.  The  index  of  refraction  is  less  than  that  of  bal- 
sam. The  matrix  in  which  these  large  oilhoclases  are  imbedded 
appears  under  the  microscope  to  be  composed  of  nothing  but 
limonite  and  secondary  quartz  in  rather  large  grains  and  aggre- 
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gBliS  iif  siioli  fiirainR.  There  are  some  dusty  ineluaioiis  in  the 
()iiartz.  but  no  Ikjuid  indiuions  coiilii  be  detected. 

'I'hp  modi fioxt ion  of  the  inoniwinite  just  described  ia  He«rly 
a  oontnpt  phenomenon,  but  it  can  not  be  ascribed  to  the  direct 
influence  of  the  porphyry  maj^mii  upon  the  underlj'ing  rock.  It 
is  with  liltlo  doubt  due  rather  to  a  subsequent  action  in  which 
the  ehief  reagents  concenied  were  derived  from  the  porphyry 
by  a  process  of  downward  leaching,  though  why  all  the  feldspars 
of  the  main  body  of  the  rock  should  have  been  destroyed  and  only 
tlie  poi-phyritic  orthoclascB  left  intact,  remains  a  mystery. 

Petroyrapttical  Characters. — The  porphyry  in  general  has 
Buffered  ao  much  Blteralion  since  its  Bolidification  that  it  has 
provevl  difficult  to  find  material  upon  which  to  make  a  study 
of  the  rock  in  its  original  condition.  At  a  few  localities,  how- 
ever, specimens  were  obtaini^  which  lieing  lt««  decornpi>i*ed  than 
the  rest  of  the  mass  have  contributed  some  infomiation  on  this 
point.  They  are  not,  however,  uniform  in  character  and  doubt 
still  remains  as  to  the  prevailing  petrographical  features  of  the 
rock  prior  to  it«  alteration.  Some  of  these  will  now  be  briefly 
described. 

At  the  head  of  Lane  Valley,  on  the  south  side,  a  tunnel  has 
been  run  into  a  mass  of  the  porphyry  where  it  emerges  from 
beneath  a  Hmcstone  capping.  Here  the  porphyry  has  a  bluish. 
light  pray  color  and  may  be  seen  in  baud  specimens  to  consist 
of  a  dense  matrix  in  which  are  imbedded  numerous  soiall  pheuo- 
erysts  of  dull  feldspar  up  to  3  mm.  in  length  and  fewer  large 
phenocrysts  of  aiinther  feldspar  of  fresh  glassy  appearance  up 
to  12X6  mm.  in  size.  The  rock  is  shot  through  with  pyrite 
mostly  in  disseminated  grains  but  also  in  nests  and  small  voins. 
The  rock  effervesces  freely  in  acid. 

In  thin  section  the  ground  mass  is  a  niierogranitic  aggregate 
of  untwinned  feldspar  with  a  subordinate  amount  of  quartz 
and  a  great  deal  of  secondary  calcite.  In  this  are  imbedded 
idiomorphic  feldspars  of  small  dimen.sions  thoroughly  altered 
to  an  agL't-egjite  of  decomposition  products  and  also  much  larger 
jiheimcrysts  of  fresh  orthoclase  containing  shreds  of  calcite.  some 
phenocrysts  of  bleached  biotite  and  grains  of  pyrite  with  blurred 
outlines.     None  of  the  pyrite  is  enclosed  in  the  feldspar  pheuo- 
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crysts.  The  feldspar  of  the  ground  mass  has  a  distinctly  lower 
refractive  index  than  the  balsam  and  this  taken  with  its  non- 
twinned  character  indicates  that  it  is  orthoclase. 

Across  the  road  from  the  last  locality,  a  few  hundred  feet 
distant,  a  shaft  has  been  sunk  into  the  porphyry  at  the  base  of 
a  vertical  limestone  bluff.  Here  the  rock  is  of  a  light  gray  color 
and  strongly  porphyritic.  A  blue-gray  dense  matrix  holds  abun- 
dant dull  white  phenocrysts  of  feldspar  ranging  up  to  4  mm. 
in  length,  besides  occasional  much  larger  phenocrysts  of  ortho- 
clase in  Carlsbad  twins  up  to  15  mm.  in  length.  Throughout 
the  rock  is  disseminated  much  pyrite  which  is  locally  bunched 
in  nests  and  veins,  and  in  portions  of  it  there  are  large  ciystals 
of  fluorite  the  cleavage  faces  of  which  range  up  to  25  or  30  mm. 
in  breadth.  The  pyrite  does  not  occur  in  the  phenocrysts  but 
occurs  freely  in  the  fluorspar.    The  rock  effervesces  with  acid. 

In  thin  section  this  rock  shows  remnants  of  a  holocrvstal- 
line  feldspathic  ground  mass,  much  replaced  by  calcite,  with 
grains  of  quartz  scattered  through  it.  In  this  are  cloudy  feld- 
spar phenocrysts  wholly  altered,  shreds  of  white  mica  of  consid- 
erable size  and  small  scattered  grains  of  pyrite.  The  larger 
phenocrysts  of  orthoclase  are  fresh  and  show  Carlsbad  twinning. 
The  white  mica  is  probably  a  bleached  biotite.  Some  portions 
of  the  rock  are  so  charged  with  sulphides  as  to  constitute  ore. 
A  specimen  of  such  ore  shows  numerous  parallel  and  obliquely 
intersecting  seams  of  chalcocite  and  pyrite  alternating  with  thin 
sheets  of  rock  more  thoroughly  kaolinized  than  the  rest.  The 
seams  vary  from  1  to  2  mm.  in  thickness.  A  little  gypsum  is 
plastered  on  the  surface  of  the  specimen. 

At  the  first  fork  of  the  road  east  of  the  Ruth  Mine,  the  rock 
has  a  bleached  white  appearance  with  occasional  yellow  iron 
stains.  The  porphyritic  structure  is  very  pronounced.  The 
phenocrysts  are  of  two  kinds:  (1)  Remains  of  sharply  idio- 
morphic  feldspars  of  a  dull  white  color  and  ranging  usually 
from  2  to  5  mm.  in  length,  though  sometimes  attaining  10  mm. 
(2)  Lustrous  white  blades — evidently  pseudomorphs  of  some  fer- 
romagnesian  mineral  from  which  the  iron  has  been  leached. 
These  phenocrysts  are  imbedded  in  a  matrix  which  under  the 
lens  appears  to  consist  almost  altogether  of  silvery  white  scales 
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lying  in  a  felt  work.  Thin  felted  matrix  is  quite  open  and  poroB*  -1 
iti  texture,  i'nder  the  mienmcopf  the  wiiiti?  tc-aly  mineral  of 
the  matrix  has  the  properties  of  kaolin  and  has  some  quarU 
associated  with  it.  The  feldspar  phenocrj-sts  arc  n-preseoted 
by  ail  agfrre^ate  of  white  mica  scales  and  quartz.  The  broad 
blades  prove  to  be  white  mica  probably  a  bleaebed  biotite.  One 
crystal  of  zircon  was  detected  and  a  few  minute  crj-stals  of  brown 
hornblende. 

On  the  hill  to  the  weal  of  Copper  Flat  shaft  house  the  por- 
phyrj'  is  yellowish  in  appearance  and  with  the  lens  is  aeen  (o 
be  of  a  poroiiR  or  honeycomb  texture.    Quartz  wins  5  or  6  mm. 
thick  traverse  it,  also  small  zones  of  secondary-  quartz  without  . 
definite  walls.    The  porphyritic  stnieture  is  qnite  apparent,  hot  J 
the  feldspars  are  of  a  dull  earthy  appearance,  as  is.  indeed.  alaoJ 
the  matrix  in  which  they  lie.     There  is  no  effervesccnw  with 
acids. 

In  thin  Noelion  much  of  the  ileld  is  turbid  with  yellow  stained 
scarcely  translucent  decompoaitiou  products.  Between  pat«h«« 
of  this  kind  is  an  a^reftate  uf  uutwinned  feldspar  and  quarts. 
Cavities  are  numerous.  Pspudomorphs  of  sharply  idioinorphie 
feldspars,  in  a  verj-  turbid  condition,  are  numerous. 

On  the  south  side  of  same  hill  as  that  on  which  the  last 
.spcciiiiMi  wji«  tnki'n.  the  porphyry  is  a  dull  white  rock  with 
drusy  cavitii's  aiul  irregular  patches  of  blue  prray  quartz.  There 
are  very  faint  truces  of  a  porphyritic  structure.  In  thin  section 
tht-  ground  mass  t'(msists  of  untwinncd  feldspar  and  some  quartz 
in  which  are  iiecasinnal  phenocrj-sts  of  orthociase  with  Carlsbad 
twiniiin<r  and  inimcnius  larger  grains  and  areas  of  secondan.- 
quartz.  A  brownish  isotropic  decomposition  product  occurs  in 
piitclii-s  through  the  slide  and  there  are  besides  these  stains  of 
Jiiiiouite. 

At  the  Copper  Flat  Jline  the  porpliyn'  when  charged  with 
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lies  a  copper  ore.  A  sample  of  the  ore  fr 
inc  is  a  dull  white  rock  showing  occasional  cleav 
r  phcnoerysts  whi<.']i  is;  traversed  to  the  extent  o: 
■  with  light  colored  quartz  stringers  rainifyim 
■i,     Hoth  the  dull  wliite  roek  and  the  quartz  liav. 
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chalcocite  and  pyrite  disseminated  through  them.  The  pyrite 
also  occurs  in  nests  and  veinlets. 

A  thin  section  shows  only  quartz  in  allotriomorphic  granular 
aggregate  with  numerous  irregular  grains  of  opaque  sulphides. 
In  the  quartz  are  abundant  liquid  inclusions  with  bubbles  and 
numerous  small  ragged  nearly  opaque  solid  inclusions  are  scat- 
tered through  it. 

Another  sample  of  the  porphyry  taken  from  near  the  bottom 
of  shaft  No.  2,  of  the  same  mine,  is  a  light  gray  rock  with  vague 
and  uncertain  traces  of  porphyritic  structure.  Rather  large 
stringers  of  quartz,  large  nests  of  bronzy  mica  and  stringers  and 
disseminated  grains  of  chalcocite  and  pyrite  are  common  in  the 
rock. 

In  thin  section  the  rock  is  seen  to  be  an  allotriomorphic  gran- 
ular aggregate  of  quartz  and  biotite,  with  a  small  shear  zone 
running  through  it.  The  biotite  is  evidently  secondary  with  the 
quartz  and  the  sulphides. 

A  specimen  of  the  porphyry  from  the  Josephine  claim  ex- 
hibits a  characteristic  phase  resulting  from  extreme  silicifica- 
tion.  Microscopically  it  is  a  mass  of  honeycombed  quartz  with 
patches  of  light  yellow  ochre.  Under  the  microscope  the  rock 
is  composed  only  of  quartz  in  an  aggregate  of  fairly  uniform 
sized  anhedrons,  with  patches  of  yellow  ochre. 

Chemical  Composition. — It  is  evident  that  a  rock  varying  so 
much  in  degree  of  alteration  as  the  porphyry-  is  difficult  to  char- 
acterize chemically.  Scarcely  any  two  of  the  specimens  described 
above  as  representative  facies  of  the  formation  would  yield  the 
same  results  on  analysis;  and  the  results  in  every  case  would 
differ  greatly  from  the  original  unaltered  rock.  The  best  that 
can  be  done  in  such  a  case,  where  the  chief  object  is  to  deter- 
mine the  character  of  the  fresh  rock,  is  to  select  the  least  altered 
material  available  and  subject  it  to  analysis  in  the  hope  that, 
thereby,  some  light  may  be  thrown  upon  the  nature  of  the  altera- 
tions which  have  affected  it.  This  has  been  done.  A  sample  of 
the  rock  from  a  tunnel  at  the  upper  end  of  Lane  Valley,  on  the 
south  side,  was  analyzed  by  Mr.  Herbert  Ross  with  the  following 
results : 
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The  analysis  agrees  with  and  confirms  the  description  of  the 

i-oi-k  liii.si'd  oEi  micniscoiiic  study  (pajre  318)  which  was  wriitt'ii 
before  the  analysis  was  made.  It  seems  quite  certain  from  the 
data  thus  obt.iined  that  the  oripinal  rock  was,  as  it  still  is.  rich 
in  nrthocliise  and  that  this  mineral,  part  of  the  quartz  and  the 
apatite  are  the  only  constituents  which  have  escaped  alteration. 
It  is  clear  from  the  analysis  that  water,  sulphur  and  carbonic 
a<-id  have  been  introduced  into  the  rock  from  outside  sourcfs. 
Siiii.'e  the  kaolin  is  probably  chiefly  derived  from  the  breakiiiL' 
down  of  i'ejdspai-s,  it  would  seem  probable  that  originally  there 
WHS  a  iintablc  proportion  of  plagioclase,  the  soda  of  which  has 
bL-cn  leached  out  and  the  lime  of  which  has  been  converted  into 
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calcite.  The  surplus  silica  of  such  plagioclase  over  and  above 
that  fixed  in  the  kaolin  has  probably  also  been  removed.  The 
pyrite  has  doubtless  resulted  from  the  reaction  of  sulphur  bear- 
ing solutions  upon  the  iron  of  the  biotite  which  is  now  bleached 
white,  thus  accounting  for  the  absence  of  oxides  of  iron  in  the 
analvsis  of  the  rock. 

In  view  of  this  interpretation  it  seems  pretty  certain  that 
structure  of  this  facies  of  the  rock  is  much  better  preserved 
the  original  rock  had  the  characters  of  a  rhyolite.  The  original 
than  its  mineralogical  character  and  seems  to  have  been  holo- 
crj^stalline.  This,  however,  may  be  due  to  its  rather  deep  seated 
situation  and  more  superficial  portions  may  quite  possibly  have 
been  hypocrystalline. 

Resume. — Reviewing  now  the  petrographical  descriptions  of 
the  porphyry  from  various  localities,  it  would  appear  that  we 
have  a  gradation  in  the  degree  of  alteration  to  which  the  mass 
as  a  whole  has  been  subjected,  ranging  from  that  exemplified 
in  the  specimen  analyzed  to  cases  where  every  trace  of  the  orig- 
inal minerals  has  been  removed  and  nothing  has  been  left  but 
an  aggregate  of  cellular  secondary  quartz  constituting  a  phase 
of  the  quartz  blout.  This  extreme  end  product  is,  however, 
probably  quite  superficial  since  in  all  underground  openings  in 
the  porphyry  there  is  an  abundance  of  kaolin  in  the  rock  with 
notable  quantities  of  residual  feldspars.  It  probably  represents 
a  result  of  the  weathering  of  the  kaolinized  and  silicified  mass 
as  it  became  exposed  to  the  direct  attack  and  downward  leaching 
of  meteoric  waters  above  the  ground  water  level.  Setting  aside 
this  extreme  facies  of  the  altered  porphyry  as  a  superficial  phe- 
nomenon, we  may  safely  characterize  the  porphyry  in  general 
as  a  very  much  kaolinized,  silicified,  carbonated  and  pyritized 
rhyolite. 

Porphyry  at  the  Chmnman  Mine. — Near  the  Chainman  Mine 
mill  there  is  exposed,  in  a  road  cutting,  a  mass  of  porphyry  which 
is  quite  different  in  its  general  physical  characters  from  the 
main  body  of  the  copper-bearing  porphyry  above  described.  It 
is  very  probably,  though  not  certainly,  a  distinct  intrusion  from 
the  general  body  of  the  porphyr>\  It  is,  however,  mapped  with 
the  latter.    The  rock  is  quite  fresh  and  shows  little  or  none  of 
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the  t^n<Ien(7  to  kaolinization  Hnd  Hilicifx'atinn  to  which  the 
mon  fHciM  of  th«t  porphyry  mvmn  m  prone.  lu  hand  specimens 
it  is  «  eoaipnut,  light  yellowish  gr«y  rock,  showini:  numerous 
small  porphyritic  feldapars  of  a  fresh  glassy  aspect. 

I'lider  the  microscope  this  is  seen  to  consist  of  a  fine  holo- 
oryslalliue  icrouud  moss  made  up  of  allotriomorphtc  and  inter- 
locking felditpant,  Home  of  which  show  lamellar  twinutn^.  Them 
are  approximately  equidimensiona]  and  generally  free  fn)m  d*- 
eoiiipoHition  products.  In  this  ^runnd  mass  are  imbedded  no*, 
meroHs  phenocrysta  of  plagiiKrlaae,  colorless  augite,  and  apatil 
The  feldBjiar  in  sections  normal  to  (010),  showing  both  Carls' 
bad  and  albite  twinning,  have  extimttions  corresponding  to  the 
composition  Ab.j  An,. 

The  rock  thus  appears  to  be  e  pilotaxitic  aufrite  andesite. 
The  fresh  condition  in  which  thia  rock  occurs  promised  satis- 
factory results  on  analysis.  A  aeloeted  sample  was.  therefore, 
placed  in  the  hands  of  Mr.  Herbert  Rotw  of  the  Ruth  Mine,  who 
kindly  made  a  chemical  analysis  with  the  following  results : 

SiO,  es.30 

A1,0,  17.90 

FeO  1.S3 

MgO  2.53 
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Tmii  />(- ^ (If rf.— Perhaps  the  most  remarkable  feature  of  the 
piirpliyry  is  thv  occiiT'renco,  in  the  areas  occupied  by  the  latter, 
i>r  nil  thi-ir  iHTipliei'v,  nf  Inr-ie  bodies  of  quartz  of  somewhat 
varyiitj:  c-li;i racier.  Tlu'st-  bodies  of  (piartz  are  by  no  means  iin- 
(■■Hriiiicni  feiitiires  of  dei-oiiip()wd  mid  mineralized  eruptive  rocks 
ill  Xi'Viulii  and  I'lsewhiTt-:  ;iiid  the  prospectors  and  miners,  who 
liiive  to  (Ii'mI  with  tliciii  prai.-tically,  usually  distin^iish  them 
t'niiii   ordinary  vrin   i[Uiirtz   by   characterizing  them   as   "blow 
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outs/'  This  discrimination  appears  to  the  writer  to  be  well 
warranted.  They  cannot  be  regarded  as  veins  or  lodes;  and 
while,  as  will  be  shown  later,  they  are  to  a  large  extent  replace- 
ments of  other  rocks,  they  may  not  be  wholly  so.  They  consti- 
tute a  particular  mode  of  occurrence  of  quartz  w^hich  the  writer 
desires  to  distinguish  both  from  vein  quartz  and  from  replace- 
ments of  country  rock  by  silica  in  the  vicinity  of  veins.  To 
signalize  the  distinction  and  to  simplify  their  discussion,  the 
miners'  term  **blow  out"  will  be  adopted  in  the  modified  form 
of  blout,  and  they  will,  therefore,  be  referred  to  henceforth  as 
quartz  hlout,  much  in  the  same  sense  as  one  would  use  the  ex- 
pression ** quartz  vein."  Similarly  as  we  designate  the  quartz 
of  a  vein  specifically  as  **vein  quartz,"  so  here  we  may  refer  to 
the  quartz  of  which  the  blouts  are  composed  as  blout  quartz. 

Field  Relations. — The  most  striking  feature  of  these  quartz 
blouts  is  their  vast  size  as  compared  with  ordinary  veins.  A 
glance  at  the  map  will  show  that  in  the  vicinity  of  the  Ruth 
mine  they  occupy  a  very  considerable  fraction  of  the  area  of 
the  porphyry ;  perhaps  one-third  is  occupied  by  the  blout. 

The  mapping  indicates  that  the  greater  part  of  the  quartz 
blout  lies  on  the  periphery  of  the  porphyry  mass  and  occupies 
an  intermediate  position  between  it  and  the  surrounding  lime- 
stone; and  although  some  important  occurrences  are  more  cen- 
trally situated,  these  from  the  mapping  appear  to  be  of  the 
nature  of  caps  upon  the  hill  tops  and  ridges.  If  we  accept  the 
suggestion  thrown  out  in  an  earlier  portion  of  this  paper,  that 
the  porphyry  mass  is  of  the  nature  of  a  laccolith,  then  these  cen- 
trally situated  quartz  blouts  are  also  peripheral,  and  represent 
a  contact  development  between  the  porphyry  and  its  roof  of 
limestone  now  removed  by  erosion.  Indeed,  we  can  form  a  very 
consistent  hypothesis  to  explain  the  distribution  of  the  blouts 
by  supposing  that  they  were  once  a  more  or  less  continuous 
envelope,  incasing  the  porphyry,  particularly  on  its  upper  side, 
and  intervening  between  it  and  the  over  arched  roof  of  lime- 
stone. The  removal  of  the  limestone  roof  })v  erosion  and  the 
dissection  of  the  envelope  of  (|uaii:z  blout,  leaving  exceptionally 
thick  or  resistant  portions  of  it  as  residuals  reposing  upon  the 
porphyry,  would  well  explain  most  of  the  occurrences.     This 
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li}1>i)tbtfitis  is  liome  out  hy  th*  wny  in  which  the  porphjTy  in 
the  vicinity  of  the  Ruth  Mine  passes  at  comparatively  low  nnel«s 
bcni-ath  the  Rath  limestone  to  the  aortii.  with  considerable  lKxii<r< 
of  Wout  fliong  the  eoutuet.  On  the  west  of  the  same  porpbyr>' 
luatM  ihe  mapping  of  the  blout  is  also  very  instnictive,  for  there 
it  is  revealed  as  a  sheet  of  considerable  thickness  flanking  the 
por|ihyrj'.  and  cxtendinif  from  the  summits  tif  the  hill  down  the 
slope  to  the  floor  of  Ooher  Valley,  where  it  passes  beuenth  the 
limestone.  Mapping  in  other  parts  of  the  field  shows  the  same 
{EX'aeral  rclatiomi.  We  may  thus  assume  with  considerable  confi- 
dence thHl  the  <(tiartz  btout  is  of  the  nature  of  an  encasing  shell 
developed,  so  far  us  the  fieM  evidence  goes,  chiefly  upon  the 
upper  side  of  the  porphyry  laecoliths.  It  is,  however,  pretty 
clfar  also  from  the  failure  of  the  blout  to  appear  at  certain  local- 
ities, where  the  contact  of  the  porphyry  and  overlyinp  limestone 
may  be  mapped  narrowly,  that  this  shell  was  not  perfectly  con- 
tinuous. It  is  also  very  probable  from  a  study  of  various  occur- 
rences, that  the  shell  of  blout  was  not  only  a  partial  one,  but 
that  it  was  of  very  variable  thickness,  and  that  the  contact  be- 
tween the  quartz  and  the  porphyry  was  extremely  irresiilar  in 
detail,  the  quariz  often  penetrating  down  into  the  porphyry 
quite  sharply.  Some  of  this  irregularity,  however,  may  be  ex- 
plained by  the  exc&ssive  minor  faulting,  which  as  will  be  shown 
later.  aftVets  the  porphyry  throughout.  Paultinsr  must  also  be 
resorted  to  to  explnin  certain  subordinate  occurrences  of  blout 
in  depj-cssioiis  in  the  surface  of  the  porphyrj-  below  the  general 
level  of  the  orifjiniil  shell,  as  for  example,  on  the  Josephine  claim 
to  the  noiibcast  of  the  Ruth  Jline. 

Besides  these  occurrencts  in  immediate  association  with  the 
porphyry,  in  the  relations  above  indicated,  there  are  others  of 
iiiinoj-  importanee  as  rei^-ards  the  scale  on  which  they  are  devel- 
oped, hut  which  arc  nevertheless  of  much  interest  in  throwing 
lit'lit  upon  the  question  of  the  genesis  of  the  quartz  blout.  These 
oi-i-ur  not  in  the  porphyry,  nor  on  its  contact  with  the  limestone 
bill  wholly  in  the  limestone.  Some  of  these,  while  they  are  now 
qinlf  ciisconucctt-d  from  tile  porphyry,  may  have  at  one  time 
b.cn  i-oini-'<-ted  with  it.  The  quartz  blont  of  the  Twin  Peaks, 
for  (■xainiilc.  to  llie  .southeast  of  Ibc  Ruth  Mine,  may  with  much 
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reason  be  regarded  as  representing  a  mass  of  peripheral  bloiit 
about  the  porphyry  in  the  vicinity  of  the  edge  or  margin  of  the 
laccolith,  which  has  since  been  caused  to  shrink  in  area  by  ero- 
sion, leaving  the  more  resistant  blout  behind  as  a  residual.  If 
this  view  be  accepted  for  such  occurrences,  they  would  need  no 
special  discussion  as  apart  from  the  blout  now  found  in  the 
porphyry  areas.  There  are,  however,  occurrences  which  can  not 
be  so  explained.  They  lie  wholly  in  the  limestone  and  extend 
down  into  it  as  irregularly  bulging  and  tapering  mavsses  which 
have  some  resemblances  to  veins  but  differ  from  these  in  the  ex- 
tremely abrupt  and  short  lenticular  habit  which  they  affect. 

Varieties  of  Qtiartz  Blout. — The  quartz  of  the  blouts  is  by 
no  means  constant  in  character  throughout  the  field.  There  are 
a  great  many  varieties.  These  need  not,  however,  be  described 
in  detail  and  it  will  suffice  for  purposes  of  description  to  class 
them  under  four  subdivisions  made  on  structural  grounds.  These 
are  the  (1)  solid,  compact  quartz,  (2)  cavernous- weathering 
quartz,  (3)  brecciated  quartz,  and  (4)  cellular  quartz.  The 
first  of  these  is  the  most  common.  It  resembles  closely  a  mas- 
sive quartzite  of  granular  but  compact  texture.  Sometimes  it 
is  nearly  pure  quartz,  glassy  or  whitish  or  but  slightly  yellowish 
in  appearance,  but  for  the  most  part  it  is  deeply  stained  with 
iron  oxide.  The  colors  are  sometimes  disposed  in  a  eutaxitic 
fashion,  or  it  may  be  seamed  with  intersecting  veinlets  of  more 
deeply  colored  jaspery  quartz.  It  weathers  in  smooth,  rounded 
knobs,  or  breaks  down  into  a  talus  of  irregularly  angular  blocks. 
Occasionally  this  variety  shows  a  stratiform  appearance  but  with 
no  tendency  to  part  along  the  planes  between  the  different  lay- 
ers. The  difference  in  the  layers  is  usually  due  to  both  color 
and  texture,  flinty  or  cherty  layers  alternSting  with  thase  of  a 
more  granular  character.  The  cherty  portions  may  be  dark  to 
almost  black  or  may  be  light  colored — yellowish  or  milky  white. 
The  granular  portions,  where  not  heavily  stained  by  iron  oxide, 
may  be  glassy  or  gray  or  very  dark. 

The  cavernous  variety  of  the  blout  quartz  differs  from  the 
last  described  by  its  weathering  out  in  extremely  irregular  forms 
with  rugged  chambers  and  straggling  channels.     In  the  bottom 
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of  the  pits  iirul  chambers  which  (■liarat'lt'i'ize  the  weathered  es- 
poeures  of  this  pbaae  of  the  hlout  quartz,  remnants  of  limestone 
nuy  be  occasionally  detected.  In  one  case  a  laass  of  limestone 
Hbout  8  inches  in  diameter  abowiog  abundant  traces  of  fossils 
was  found  imbedded  in  the  quartz  at  the  bottom  of  a  depression. 
In  other  cases  the  presence  of  the  carbonate  in  such  situations 
was  |)n)V«l  by  efferveseejioe  on  the  application  of  dilnte  acid. 

The  third  general  variety  of  blout  quartz  shows  a  pronounced 
breeciated  stnietnre.  the  whole  being  made  up  of  sharply  an^ilar 
fmt^neuts,  mostly  less  than  an  inch  in  diameter  but  often  as 
much  as  three  or  four  inches.  The  breccia  is  generally  well 
cemented,  and  firmly  bound  together.  The  cementing  materia! 
in  most  eases  observed  is  quartz.  b\it  in  some  cases  where  the 
breccia  has  been  exposi-d  to  the  weather,  the  cement  is  etched, 
leaving  the  angular  fragments  in  sharp  relief.  In  these  cases 
the  cement  proved  to  be,  in  part  at  least,  carbonate  of  Ume  by 
testing  with  dilute  acid.  In  the  breccia  with  siliceous  matrix 
the  angular  fragments  are  often  free  of  color  while  the  matri? 
is  strongly  colored  by  iron  oxide  and  appears  as  a  compact  red 
or  yellow  jasper.  All  three  of  these  varieties  of  blout  quartz  may 
occur  together  in  the  same  mass. 

The  stratiform  facies  of  the  solid  compact  variety  of  the 
quartz  hHS  been  alluded  to.  But  the  cavernous  and  brecciated 
varieties  are  often  also  stratiform.  In  this  ease  the  stratification 
is  so  -siuiilar  to  the  stratification  of  the  neighboring  limestones, 
that  no  one  in  the  field  could  have  any  doubt  but  that  the  quartz 
is  the  result  of  the  silicification  of  that  formation.  Not  only  is 
the  (|uartz  strutifiinii,  hut  the  individual  beds  are  quite  distinct 
fmiu  line  LUjothcr  juid  .separate  under  the  weather  alonir  the 
orij-'inal  bedding  piafies.  When  in  such  stratiform  quartz,  re- 
■m  Dutcrup  of  litm'stone,  one  finds  residual  niasiies  of 
OILS  limestone  imbedded  in  it.  in  the  bottom  of  depres- 
.■  to  weathering,  the  evidence  amounts  to  a  deiiionstra- 
.sniiK-  of  the  blout  quartz  at  least  is  the  product  of  the 
i'Ui  of  the  limestone  adjacent  to  the  intnusive  porphyn.-. 
i-iinelusion  cannot,  however,  be  extended  with  certainty 
ilid,  compact  varieties  of  the  blout  quartz,  which  make 
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ance  here  may  well  be  due  to  other  causes  than  the  replacement 
of  an  original  sedimentary  structure. 

There  is  still  another  variety  of  the  blout  quartz  which  merits 
especial  attention  because  its  origin  is  not  less  clear  than  in  the 
case  of  the  cavernous,  stratiform  varieties  with  residuals  of 
limestone.  This  is  a  light  colored  rock  free  from  deep  ocherous 
stains,  although  it  may  be  distinctly  yellowish.  It  possesses  a 
prevailing  spongy  or  cellular  structure  on  weathered  surfaces 
and  tends  to  break  down  into  fragments  of  small  size  which 
mantle  the  upper  and  flatter  slopes  of  the  porphyry  areas.  In 
consequence  of  the  tendency  to  break  down,  this  variety  of  blout 
does  not  present  such  bold  croppings  as  in  the  case  of  the  other 
varieties.  It  is  found  occasionally,  however,  as  on  the  Minne- 
sota claim,  as  a  cap  of  some  prominence  on  the  summits  of  the 
hills.  This  variety  of  blout  quartz  occasionally  shows  traces  of 
porphyritic  structure  and  it  passes  by  insensible  gradations, 
representing  stages  of  less  intense  silicification,  into  the  well 
characterized  porphyry. 

It  thus  appears  that  the  blouts,  which  form  so  prominent  a 
feature  of  the  porphyry  areas,  and  which  from  their  mapping, 
appear  to  be  remnants  of  a  discontinuous  shell  or  envelope  which 
once  encased  the  porphyry,  are  in  part  the  result  of  the  replace- 
ment of  the  adjacent  limestone,  and  in  part  the  result  of  the 
extreme  silicification  of  the  porphyry  itself  on  its  margin,  but 
in  greater  part  can  not  with  confidence  be  referred  to  either  of 
these  origins  on  the  basis  of  direct  evidence,  although  it  seems 
probable  from  analogy  that  most  of  it  is  due  to  the  replacement 
of  limestone. 

Belations  to  Copper  Ores  and  Garnet  Roek, — The  more  or 
less  ocherous  iron  stain  which  affects  most  of  the  blout  crop- 
pings has  generally  attracted  the  attention  of  prospectors  to 
them  and  not  a  few  pits  have  been  sunk  upon  them.  It  is  only 
rarely,  however,  that  ore  is  found  in  these  croppings  and  it  is 
then,  almost  in  every  case,  in  the  form  of  sparing  quantities  of 
malachite,  azurite  and  chrysoeolla.  A  little  fresh  pyrite  is  not 
infrequently  found  and  it  is  the  oxidati(m  of  this  that  gives  the 
blout  its  ocherous  appearance.  A  number  of  shafts  which  have 
been  sunk  in  the  blout  appear  to  pass  through  it  at  no  great 
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depth.  Some  of  these  para  into  a  maBsivc  greenish  or  brownish 
rnther  soft  rock,  eridently  a  decomposition  produet.  and  then 
pcnotrnte  &  izarnrt  rock,  or  pamet  and  quartz,  in  which  is  ufiuiilly 
found  frt*h  chnlcopyrite  and  pyrite.  althoiieh  in  no  prent  'innn. 
tity.  This  ix  trne  of  the  Morris  shaft  near  Pilot  Knob,  and  of 
a  shaft  Slink  on  the  Kinmn  Nevada  claim.  A  similar  oi?ciirrenee 
was  found  in  thp  third  Wei  of  the  mine  at  Copper  Flat,  the 
gradation  from  the  fresh  Ramet  rock  with  some  chalcopyrite 
into  an  olive  brown  or  (nvenish  decomposition  product  Wing 
perfeefly  apparent  in  the  abundant  material  on  the  mine  dump. 
It  is  not  proposed  at  this  place  to  discuss  the  genetic  rela- 
tions of  this  garnet  ntck  and  ita  decomposition  product  to  the 
ijuiirt!;  blonts:  but  it  is  well  to  note  that  the  field  e^-idenoe  indi- 
entes  that  they  are  a-wocinted  to  the  extent  that  there  are  bodies  of 
gam^  rook  with  ehaleopyrite  in  the  midst  of  the  porphyry  in 
the  vicinity  of,  or  beneath,  the  blout. 

THE  PORPIITHY  as  X  COPPER  ORE. 

Certain  portions  of  the  porphyry  mass,  notably  at  the  Ruth 
Mine  and  at  Copper  Flnt,  have  been  so  mineralized  as  t<^  cnn- 
Btitute  an  ore  of  copper.     In  considering  the  characteristics  of 

this  ore  and  its  penesis,  it  will  be  first  necessari'  to  rccoimize 
the  faet  that  the  porphyrj-.  considered  as  an  ore.  is.  like  most 
metalliferous  deposits,  separable  into  two  zones:  the  zone  of 
oxidation  near  the  surface,  and  the  unoxidized  zone  beneath 
this,  extendinf:  to  depths  at  present  unknown.  The  porphyr\- 
of  both  zones  may  constitute  a  copper  ore  but  each  in  a  different 
wa.v.  At  the  Ruth  Mine  the  porphyrj-  of  the  oxidized  zone  is 
alnioMt  wholly  if  not  (juite  devoid  of  sulphides.  It  has  a  pre- 
vailingly yellowish  color,  but  is  in  many  places  of  a  deep  red 
eolor  due  to  the  abundance  of  iron  oxide.  It  carries  never  more 
than  a  .small  fraction  of  one  per  cent,  of  copper,  and  frequently 
none  can  be  detected.  The  passage  from  the  oxidized  zone  lo 
the  unoxidized  is  very  abrupt  and  sharp,  and.  below  the  divid- 
inir  line,  the  porphyry  throughout  the  mine  is  blui.sh  white,  and 
is  usually  well  sprinkled  with  crystals  of  p.vrite  and  ehalcocite 
of  small  size,  probably  averaging  half  a  millimeter  in  diameter. 
The  immediate  appearance  of  these  two  sulphides  at  the  divid- 
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ing  line  between  the  oxidized  and  the  unoxidized  rock  and  their 
absence  above  that  line  leave  no  room  for  doubt  but  that  these 
minerals  formerly  existed  in  the  upper  zone,  and  have  been  oxi- 
dized and  leached  out  by  meteoric  waters  descending  from  the 
surface. 

While  there  is  thus  a  verj'  sharp  line  between  the  two  condi- 
tions of  the  porphyry  in  the  mine,  that  line  is  hypsometrically 
extremely  irregular,  and  has  no  reference  to  the  present  level 
of  the  ground  water.  The  water  level  stands  in  the  mine  at 
present  at  about  335  feet  below  the  shaft  mouth,  and  the  mean 
lower  limit  of  oxidation  is  somewhere  between  100  and  150  feet 
below  the  shaft  mouth.  But  the  various  levels  and  cross  cuts 
of  the  mine  have  shown  that  tongues  or  wedges  of  oxidized  rock 
extend  irregularly  down  into,  the  unoxidized  zone  as  far  as  the 
500-foot  level,  with  occasional  limonitic  stains  along  seams  to 
still  greater  depths.  It  appears  to  be  clear  from  this  state  of 
affairs  that  the  level  of  the  ground  water  has  been  lowered  prob- 
ably not  less  than  250  feet  and  possibly  much  more  in  quite  late 
geological  time  at  such  a  rate  that  the  oxidation  process  failed 
to  keep  pace  with  it;  so  that  about  a  couple  of  hundred  feet 
of  the  unoxidized  zone  has  been  left  stranded,  so  to  speak,  above 
the  water  plane.  The  irregular  tongues  and  seams  of  oxidized 
rock  that  project  down  into  the  sulphide  zone,  of  course,  merely 
represent  the  loci  of  more  efficient  oxidation  by  waters  perco- 
lating down  from  the  surface,  in  the  general  tendency  of  that 
process  to  overtake  the  retreating  ground  water. 

This  lowering  of  the  ground  water  may  be  explained  in  more 
than  one  way.  As  will  be  shown  later,  the  region  has  suffered 
deformation  by  faulting  and  tilting  at  quite  a  late  date  in  its 
geological  historj'  and  this  deformation  would,  or  at  least  might 
easily,  have  affected  the  position  of  the  water  plane.  Again  the 
district  lies  in  a  geological  province  which,  as  has  been  so  well 
shown  by  Gilbert*  and  Russell, f  has  been  affected  in  Quater- 
nary time  by  an  advent  of  arid  conditions  extending  to  the  pres- 
ent, which  may  well  be  considered  as  an  adequate  cause  of  the 
lowering  of  the  ground  water  throughout  the  Great  Basin.     In 
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this  point  of  view  the  desoeiit  of  the  water  plane  in  the  E^n  ' 
riuride  would  be  the  subterranean  eorrelative  of  the  last  deaic- 
eiitiun  of  Lake  Bouueville,  The  diBcriminating  test  between  the 
two  sii^Kwttions  above  made  as  to  the  lowering  of  the  ground 
water  would  be  the  ^nerality  of  the  phenomenon.  If,  in  va- 
rious mines  distributed  over  the  Great  Basin,  it  should  be  found 
to  be  a  faet  that  the  ({round  water  has  in  {reneral  been  lowered 
to  a  similar  extent,  then  local  cauKee  would  be  eliminated  except 
R»  modifying  conditions,  and  the  general  cause,  the  advent  of 
arid  conditions,  would  seem  to  be  the  true  explanation.  If  such 
should  prove  to  be  the  ease,  it  would  be  an  interesting  addition 
to  the  accumulating  facta  which  go  to  show  a  definite  dependence 
of  certain  important  features  of  ore  deposits  upon  climatic 
conditions. 

The  temperature  of  the  mine  water  at  the  bottom  of  the  in- 
clined shaft  on  June  15.  1904,  was  determined  to  be  16"  C.  A 
sample  of  the  water  had  previously  been  sent  to  San  Francisco 
and  was  there  analyzed  by  Dr.  Ilarrj-  East  Miller,  with  the  re- 
sult tabulated  below.  It  is  probable  that  the  proportion  of  ferric 
sulphate  is  higher  than  is  actually  the  case  in  the  mine  owing 
to  the  difficulty  of  preventing  oxidation  of  the  ferrous  salt.  The 
result  is  interesting  as  an  indication  of  the  materials  which  are 
bein^'  leached  from  the  porphyry  by  the  descending  meteoric 
waters.  There  is  no  evidence  or  suggestion  of  ascending  watei-s 
in  the  mine  at  present. 
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Another  sample  of  the  mine  water,  collected  by  the  writer 
and  analyzed  in  the  mine  laboratory  as  expeditiously  as  possible 
after  collection,  by  Mr.  Herbert  Ross,  gave  the  following  results, 
for  the  ferrous  and  ferric  sulphates : 

FeS04  9.36 

Fe,(S04)3  .4 

From  this  it  would  appear  that  the  iron  of  the  mine  water 
is  nearly  all  in  the  ferrous  state  and  that  the  high  proportion 
of  ferric  sulphate  in  Mr.  Miller's  analysis  is  ascribable  to  oxida- 
tion in  the  interval  between  the  taking  of  the  sample  and  the 
time  of  his  receiving  it.  If  this  be  so,  it  clearly  indicates  a 
deficiency  of  oxygen  in  the  mine  waters,  thus  promoting  the 
maintenance  of  a  supply  of  SO2  which,  as  has  been  so  well  shown 
by  Winchell,*  is  favorable  for  the  reduction  of  copper  sulphate 
to  cuprous  sulphide  and  the  precipitation  of  the  latter  as  chal- 
cocite  upon  pyrite.  That  the  chalcocite  is  secondary  upon  the 
pyrite  is  very  apparent  in  several  samples  of  the  ore  that  were 
examined,  the  chalcocite  being  frequently  a  shell  encasing,  or 
partially  encasing,  pyrite. 

From  what  has  thus  far  been  stated  it  appears  certain  that 
the  copper  ore  of  the  Ruth  Mine,  porphyry  impregnated  with 
chalcocite  and  pyrite  in  sporadic  crystals,  owes  its  value  in  part 
to  secondary  enrichment  by  downward  leaching  from  the  zone 
of  oxidation.  The  fact  that  the  oxidized  zone  might  easily  be 
robbed  of  its  copper  ore  by  the  leaching  action  of  sulphate  of 
iron,  was  experimentally  verified  by  placing  a  mixture  of  pulver- 
ized chalcocite  and  porphyry  in  a  burette  and  causing  a  10  per 
cent,  solution  of  ferrous  sulphate  to  pass  through  it  in  presence 
of  the  atmosphere.  The  chalcocite  was  taken  into  solution  and 
passed  from  the  burette  as  copper  sulphate,  CU8O4,  at  a  fairly 
rapid  rate.  While  this  secondary  enrichment  of  the  porphyry 
below  the  zone  of  oxidation  is  unquestionable,  two  important  and 
significant  facts  remain  to  be  noted.  The  first  of  these  is  that 
the  products  of  this  enrichment  are  not  localized  at  any  partic- 
ular horizon  in  the  porphyry,  so  far  as  the  development  of  the 
mine  has  yet  gone.    The  copper  values  are  by  no  means  evenly 
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distribiiU'd  in  the  ore  boditw  thus  far  blocked  out.  But  the  richer 
gn^uiid  i«  apparently  rather  determined  by  Creedom  of  flow 
desct^ndin^r  HohitinQH,  that  is.  by  local  struetural  coiiditioiia 
the  porphyrj',  than  by  any  horiaonta!  control  such  as  the  present' 
l«v«I  of  the  ground  water.  In  so  far  as  the  sulphides  are  uni- 
formly distributed,  this  may  possibly  be  ascribed  to  a  steady 
retreat  of  the  ground  wtiler  level,  whereby  the  additional  copptrr 
ore  leached  from  above  was  distributed  fairly  imifonuly  nver 
th«  range  of  that  retreat,  although  at  any  given  stage  it  wmi 
precipitated  ehietly  at  the  contact  with  the  ground  water.  It  in 
more  probable,  however,  and  more  conaisteul  with  the  distribu- 
tion of  uhalcoeite  at  Butte,  Montana,  that  the  products  of  the 
down  leaching  from  the  zone  of  oxidation  were  not  precipitated 
at  the  ground  water  level,  but  more  ditTusely  through  the  region 
of  the  ground  water,  in  the  ranrse  of  a  slow  circulation,  which 
is  implied  in  the  maintenance  of  a  fairly  constant  level  of  that 
water  iu  the  face  of  additions  from  above.  In  this  view  wc 
mi^ht  expect  below  the  level  of  the  ground  water  an  appreciable 
but  verj-  moderate  enrichment  of  the  ore  as  compared  with  the 
values  in  the  still  unoxidized  ore  above  the  ground  water  to 
which  the  mine  developments  are  at  present  chieliy  confined. 
This  generally  very  moderate  enrichment  will  doubtless  be  fouud 
to  be  greatly  modified  by  structural  differences  affecting  free- 
dom of  circulation  of  the  ground  water,  and  may  only  be  de- 
tected when  considerable  bodies  of  the  country  have  been  blocked 
out  so  as  to  permit  of  a  satisfactory  average  value,  which  may 
properly  be  ediupared  with  averaj^'e  value  of  the  ore  iu  the  un- 
oxidized ground  above  tlie  present  water  plane.  This  zone  of 
priibabk'  moderate  enrichment  might  from  the  experience  at 
Butte  be  expected  to  gcaduaJly  dei'reasc  in  value  with  depth. 

The  second  significant  fact  to  which  it  is  here  desired  to 
advert,  is  that  the  ground  which  is  being  leached  iu  the  course 
of  c.xidation  difl'ci-s  in  no  essential  particular  from  that  which 
is  being  enriched  in  eonse(|uenee  of  that  leaching.  It  has  bwrn 
sliiiwii  that  the  line  of  contact  between  the  oxidized  and  the  iin- 
iixidi/ed  /"lies,  -svliile  <|uite  irregular,  is  exceedingly  sharply  de- 
liu'd  ;nid  that  llie  result  of  oxidation  and  its  attendant  leaehiiis.' 
is  siii;[i|y  to  li>wer  the  upper  surface  of  what  may  be  termed  tlic 
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ore  bearing  country.  It  has  been  shown  also  that  this  irregular 
surface  is  far  above  the  ground  water.  It  thus  appears  clear 
that  the  oxidized  rock  was  before  oxidation  simply  the  bluish 
white  decomposed  porphyry  sporadically  impregnated  with  py- 
rite  and  chalcocite.  This  ore  then,  which  by  oxidation  has  con- 
tributed secondary  sulphides  to  the  lower  ground,  must  itself 
have  been  mineralized  by  a  similar  secondary'  process.  In  other 
words,  the  copper  ore  w^hich  yields  by  oxidation  the  materials 
for  the  enrichment  of  the  lower  ground,  is  not  a  primary  de- 
posit, but  has  been  derived  from  some  primary  source  not  yet 
apparent;  and  our  so-called  secondary  enrichment  is  in  reality 
at  least  a  tertiarv  enrichment.  This  conclusion  immediatelv 
raises  the  question  as  to  the  original  unenrichcd  copper  deposit, 
or  the  product  of  the  primary  concentration.  The  answer  to 
that  question  cannot  be  given  on  the  basis  of  direct  evidence, 
but  only  as  an  inference  from  certain  suggestive  facts  observed 
throughout  the  district. 

The  only  primary  deposits  of  copper  that  have  been  observed 
in  the  district  are  limited  bodies  of  chalcopyrite  intimately  asso- 
ciated with  garnet  rock,  or  with  garnet  and  quartz.  These  pri- 
mary ores  occur  in  two  distinct  situations.  One  of  these  is  at 
the  contact  of  intrusive  rocks,  particularly  the  monzonite  and 
monzonite  porphyry  with  the  Carboniferous  limestones.  Here 
they  are  clearly  referable  to  a  process  of  contact  metamorphism. 
By  this  is  meant  not  merely  thermal  metamorphism,  but  reac- 
tionarj"  metamorphism,  whereby  solutions  bearing  silica  and  iron 
from  the  intrusive  mass  react  upon  the  lime  carbonate  and  give 
rise  to  the  lime-iron  silicate,  garnet.  These  same  solutions  ap- 
pear to  have  brought  with  them  the  materials  necessary  for  the 
deposition  of  the  chalcopyrite,  and  sometimes  there  was  an  excess 
of  silica  which  w^as  precipitated  as  quartz. 

The  other  situation  in  which  primary  e()p{)er  ores  have  been 
detected  is  in  the  quartz  blont  and  here  again  it  is  intimately 
associated  with  garnet.  From  considerations  set  forth  in  pre- 
vious pages,  it  appears  very  probable  indeed,  if  not  a  demon- 
strated fact,  that  the  quartz  blout  is  lai'gely  the  result  of  a  silici- 
fieation  of  the  limestone,  chiefly  on  the  periphery  of  the  copper 
bearing  porphyry,  but  also  partly  along  fissures  in  the  limestone 
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in  the  vicinity  of  the  porphyry.  At  the  surface,  and  ofteu  fo* 
considerable  depllis  below  the  surface,  these  ores  are  now  in  thf 
form  of  the  carbonates,  malachite  and  azuritc.  But  these  car. 
bonates  are  regarded  as  the  result  of  the  alteration  of  chaloo- 
pyritc  in  situ.  In  other  locaJitiea,  particularly  at  the  Alorm 
Shtift  near  Pilot  Knob  and  at  a  pit  near  the  road  between  Copper 
Flat  and  Riot  Knob,  the  quartz  bloiit  at  depth  carries  consid- 
erable pamet,  with  pyrite  and  chalcopyrite.  In  the  Copper  Flat 
Mine  on  the  300-foot  level  there  is  an  extensive  body  or  so-called 
"dyke"  of  garnet  rock  with  nests  of  pyrite  and  chalcopyrite. 
The  garnet  rock  is  for  the  most  part  thoroughly  decomposed  to 
a  greenish  or  brownish  mat«ria]  which,  when  moist,  has  a  cheesy 
cousiateucy  and  on  drying  on  the  dump,  slacks  in  the  air  AH 
gradations  may  be  observed  between  the  perfectly,  fresh  pamet 
rock  and  the  decomposed  material. 

It  thus  appears  that  the  only  traces  of  primary  copper  ores 
in  the  district  are  in  the  form  of  chalcopyrite  associated  wttk, 
garnet,  and  that  certain  of  tliese  occur  in  the  quartz  blout  eithet't| 
as  the  original  chalcopyrite  or  altered  to  carbonates. 

On  this  basis  the  hypothesis  may  be  favorably  entertained 
that  the  secondary  copper  ore  of  the  Kuth  Mine  has  been  de- 
rived from  the  downward  leaching  of  copper  from  bodies  and 
disseminated  particles  of  chalcopyrite  in  the  course  of  superficial 
oxidation  of  the  blout  in  which  they  were  originally  deposited. 
There  are  at  present  vast  bodies  of  blout  at  the  surface  imme- 
diately above  the  Ruth  Jline,  but  these  are  only  remnants.  The 
trreater  part  of  the  hlont  has  been  removed  by  erosion.  The 
product  of  this  leaehinc  was  deposited  as  chalcocite  in  the  por- 
phyry at  a  time  when  the  water  level  was  much  higher  than  at 
present.  And  finally,  when  in  consequence  of  the  subsidence  of 
the  ground  water  to  lower  levels  the  zone  of  oxidation  extended 
into  the  porphyry,  this  chalcocite  was  in  turn  taken  into  solu- 
tiiin  and  redcposiled  as  chalcocite  at  still  lower  levels.  This. 
Icnvini:  nut  of  iiccount  for  the  moment  the  source  of  the  chalco- 
pyrite. appi'ai's  to  be  the  history  of  the  copper  deposits  in  the 
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■s  ai'e  the  structural   features.     These 
(1)   The  thoroughly  sheared  and  in- 
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temally  deformed  condition  of  the  porphyry  which  while  open- 
ing up  the  rock  to  the  permeation  of  the  ground  water,  with  its 
mineral  matter  in  solution,  would  render  that  permeation  irreg- 
ular and  so  give  an  irregular  distribution  of  the  values.  (2) 
The  presence  of  a  dyke  of  dense  fine  textured  minette  to  the 
northeastward  of  the  present  mine  workings  would  undoubtedly 
affect  the  underground  circulation,  although  what  its  effect 
upon  the  deposition  of  the  ore  may  have  been  is  not  yet  clearly 
apparent. 

In  order  to  get  an  idea  of  the  average  contents  of  the  ore  of 
the  Ruth  Mine,  an  analysis  was  made  at  the  writer's  suggestion 
by  Mr.  Herbert  Ross  of  an  average  sample.  In  the  development 
of  the  mine  samples  have  been  taken  for  assay  every  five  feet  of 
the  ground  traversed.  As  there  are  about  5,000  feet  of  drifts, 
shafts  and  crosscuts  in  the  mine,  the  ore  of  all  kinds  was  repre- 
sented at  the  time  of  the  analysis  (1904)  by  about  1,000  samples. 
Of  these  every  fifth  sample  was  used  in  equal  proportions  and 
thoroughly  mixed.  By  the  process  of  quartering  this  was  re- 
duced to  a  convenient  quantity  and  analyzed.  Owing,  however, 
to  the  adverse  conditions  under  which  the  analysis  was  made, 
the  results  were  not  satisfactory  except  as  regards  the  determin- 
ations of  sulphur,  6.00  per  cent.,  iron,  5.34  per  cent.,  and  copper, 
2.61  per  cent.  These  results  show  that  on  an  average  the  ore 
of  the  mine  contains  10  per  cent,  of  pyrite  and  3.25  per  cent,  of 
chalcocite.  It  is  to  be  noted,  however,  that  much  is  included  in 
the  sample  taken  which  would  not  be  regarded  as  ore  and  mined 
in  regular  mining  operations,  so  that  the  average  copper  content 
of  the  actual  ore  is  higher  than  the  analysis  shows  and  is  prob- 
ably about  3  per  cent.  The  development  of  the  mine  and  its 
carefully  maintained  assay  chart  show  that  there  is  a  very  ex- 
tensive body  of  ore  of  this  avera<j:e  value  with  considerable 
ground  running  well  above  the  average,  and  in  spots  reaching  8 
and  10  per  cent.  There  are  no  well  defined  boundaries  or  limits 
to  the  ore  body  except  the  oxidized  zone  above  and  the  dyke  of 
minette  on  the  northeast.  This  dyke  is  probably  of  limited  thick- 
ness and  under  the  general  conditions  of  deposition  of  the  ore 
above  set  forth,  it  should  be  regarded  as  of  the  nature  of  an 
interruption  to  the  ore  and  not  as  its  final  limit,  it  being  quite 
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probable  tliat  th<-  porphyrj-  on  the  north  side  of  tbo  dyke  below 
the  aone  ot  oxidation  is  iiiipnjijriated  with  ehaieoeite  just  as  it 
Is  on  the  Kouth  tad*:,  la  fact,  the  iceneral  conditions  of  di-position 
l«nd  much  support  to  the  belief  that  a  lar^  part  of  ttu>  por- 
phjTj-  mass  bulow  tht*  wmc  of  oxidatiou  will  be  found  to 
more  or  lew*  wippiir  and  will  be  well  worth  prospecting,  particn- 
Inrly  where  the  capping  of  qiwrlx  blotjt  is  strongly  developed. 
At  Copper  Flat  the  jreiieral  couditioiw  are  analogoiiit  to  th( 
at  the  Ruth.  There  is  the  same  porphyry  intrusive  in  Carboi 
eroiiB  liiiH-stnues,  and  allhough.  as  the  map  shows,  this  area 
porphyrj'  is  separate  from  that  of  thi-  Ruth  y«l  tlic  two  may 
rontinuous  in  depth.  The  faet  that,  on  its  western  border,  the 
porphyry  of  the  Ruth  area  ptungea  beneath  the  limestone,  while 
thst  of  the  Copper  Flat  on  its  eastern  border  passes  similarly 
beneath  tlie  lime«tone«  in  the  opposite  dirwlioii,  renders  thia 
subterranean  eontinnity  of  the  porphyry  of  the  two  areas  quite 
probable.  On  the  hills  about  ('opper  Flat  there  an?  remnants 
of  a  ouee  extensive  body  of  quartz  blout.  In  general  it  is  diffi- 
cult to  specif  any  signifieant  differene*  in  the  general  eondi- 
tiotis  affeeting  the  porphyry  and  those  which  prevail  at  the  Rnth. 
Yet  in  one  important  particular  the  porphyry  regarded  as  an 
ore  of  copper  is  very  different  from  that  at  the  Ruth.  This 
dilference  Hi's  in  the  fiiet  that,  in  the  zone  of  oxidation,  the 
Clipper  ores,  over  a  vety  eoiisiderabje  aereage  at  least,  have  not 
been  lejK-hed  mit  of  the  porphyri'  but  have  been  fised  in  the 
form  r)f  earlioiiales.  Over  an  area  of  perhaps  10  acrts  numerous 
prospeet  pits  hiive  licen  sunk  in  the  porphyrj-  and  show  a  very 
u'eiieral  iinprei-'nation  of  the  roek  with  green  and  blue  carbonates 
iitid  carryiuL'  on  the  averai;e  au  attractive  percentage  of  copper 
siijii  t<i  niiii-'c  up  to  7  per  cent.  Many  of  these  pits  are  fairly 
deep  and  tli>'  dumps  abmtt  them  show  tliat  the  copper  eiwlmnali' 
•-xtrndi  to  their  bottom.  Not  having  had  access  to  the  rword  of 
ilifse  [irosiH'ct  pits  or  to  the  assays  of  the  sjimpjes  taken  from 
lli.ni  lli>'  "ijiri-  can  I'cu'ni  no  very  exact  idea  as  to  the  depth  and 

.  jiiiii-li  i^  :i|j[>aririt  at  Ihe  surface  to  warrant  the  statenieiil  lliid 
ill.  II-  i^  a  va>.I  loiiua'je  in  .'iight.  both  i)f  unoxidized  and  <if  oxi- 
ili/ed  (III-,  ihat  could  be  ruined  by  steam  shovel  methods.   Unforlii- 
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nately  the  carbonates  of  copper  disseminated  as  they  are  rather 
diffusely  through  the  porphyry  do  not  lend  themselves  to  ordi- 
nary processes  of  concentration  as  does  the  ehalcocite.  In  order 
to  handle  this  ore,  therefore,  it  may  be  necessary  to  resort  to  some 
leaching  process. 

The  porphyry  thus  charged  with  copper  carbonate  has  other- 
wise the  character  of  the  zone  of  oxidation  at  the  Ruth,  except 
perhaps,  that  kaolinization  has  not  proceeded  so  far  and  that 
the  rock  is  fairly  strong  and  coherent.  Between  this  zone  of  oxi- 
dation with  its  content  of  copper  carbonate  and  the  ground 
water,  there  is  as  in  the  case  of  the  Ruth  a  certain  depth  of  the 
sulphide  zone  in  a  dry  condition  down  into  which  the  oxidized 
rock  extends  irregularly.  This  sulphide  zone  both  above  and 
below*  the  level  of  the  ground  water  resembles  closely  that  at  the 
Ruth.  It  is  a  bluish  white  porphyry  impregnated  with  pyrite 
and  ehalcocite.  Locally  it  has  in  it  nests  of  bronzy  or  brownish 
mica  in  foils  of  considerable  size.  The  mica  appears  to  be  sec- 
ondary and  is  said  by  the  miners  to  occur  in  those  portions  of 
the  porphyry  where  the  content  of  the  ehalcocite  is  highest. 

The  upper  part  of  the  unoxidized  zone  at  Copper  Flat  carries 
higher  copper  values  than  the  deeper  ground,  and  doubtless  rep- 
resents a  zone  of  enrichment  by  downward  leaching  at  a  former 
higher  stage  of  the  water  plane.  The  general  average  value  of 
the  ore  in  the  unoxidized  ground  differs  but  little  from  that  at 
the  Ruth. 

It  is  probable  that  the  copper  ore  of  the  oxidized  zone  ex- 
isted earlier  as  ehalcocite,  itself  a  product  of  secondary  concen- 
tration, and  that  in  the  oxidation  process  an  excess  of  carbonic 
acid  determined  the  carbonatization  of  the  copper  ore  dissem- 
inated through  the  rock.  The  presence  of  this  carbonic  acid 
may  perhaps  be  ascribed  to  a  later  period  of  eruptive  activity 
which  gave  rise  to  flows  of  rhyolite,  remnants  of  which  are  to  be 
found  in  the  vicinity  of  Copper  Flat. 

With  the  exception  of  the  mines  at  the  Ruth  and  Copper 
Flat  practically  all  other  attempts  at  copper  inining  in  the  dis- 
trict have  been  made  upon  rather  unsatisfactory  and  limited 
deposits  of  chalcopyrite  either  on  the  contact  zones  of  the  intru- 
sive rocks  or  in  the  quartz  blout. 
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A  iJiKCUHsion  of  the  porphyry  eonudered  as  an  ore  of  eopper 
would  be  far  from  ixiiiiplpte  without  some  referent-e  Ut  what  w 
perhaps  its  most  remarkable  feature.  This  U  the  contrast  whii^h 
it*  internal  stnioture  presents  to  that  of  the  surroundinR  roclw. 
.As  has  be«n  shown  in  an  earlier  part  of  this  paper  the  Carbon- 
iferous limestoues  have  been  folded;  but  the  folds  are  opt^ii  ami 
there  is  no  evidence  of  intense  compression  resulting  in  pIi«atioti 
or  shearing  anywhere  in  the  sedimentan.-  terranes.  Siniilftrly 
the  monzonite  which  is  the  earliest  intrusive  into  these  s^imt-n- 
tarj-  rocks  shows  no  evidence  of  deformation  or  of  notable  shear- 
ing. The  same  is  true  of  the  monzonite  porphyry.  The  latest 
emplive,  a  rhyolite  lava,  is  similarly  devoid  of  evidence  of  com- 
pressive stresses.  All  of  these  rocks  are,  it  is  true,  traversed  by 
faults  but  these  are  not  nnmerous  and  do  not  in  any  case  appear 
to  have  affected  the  internal  Btroetnre  of  the  rocks  dislocated. 
It  is  probable  that  they  are  the  local  manifestations  of  general 
movements  of  the  earth's  crust  in  this  part  of  the  (jreal  Basin 
fjccurring  al  a  late  date  in  its  geolo^cal  history.  The  ore  bear- 
ing porphyrj*  on  the  other  hand,  although  occurrinp  in  compart- 
tivi.'Iy  small  (tnd  definitely  limited  masset  in  the  midst  nf  thr«c 
unaffected  or  but  gently  folded  and  broadly  faulted  terranes,  is 
internally  intensely  deformed.  In  the  series  of  long  drifts  and 
niimerouB  crosscuts  of  the  Ruth  Mine,  which  the  writer  examined 
closely,  scarcely  a  step  can  be  taken  without  passing  slips  and 
shear  zones  in  the  body  of  the  porphyry.  These  have  quite  va- 
riable orientations  both  as  regards  dip  and  strike,  but  in  spite 
of  this  variation  a  series  of  obser^'ations  in  all  parts  of  the  mine 
shows  an  interesting  general  tendency.  Of  some  74  obsorvii- 
tiiiiis  fur  the  direction  of  the  dip  of  these  slips  and  shear  zones, 
citily  nine  were  found  to  bear  southerly.  In  all  other  cases  ihe 
diT-ection  of  dip  wjis  in  some  azimuth  to  the  north  of  the  iiia'j- 
nctic  east  and  west  line.  That  is.  the  prevailing  dip  is  in  tbe 
direction  "f  the  gciicnil  dip  of  the  mass  of  porphyrj-  considered 
as  it  whiilf.  The  anu'ie  cf  dip  ranges  from  10"  to  75"  and  the 
nvi-raL'v  Viilue  of  the  74  observations  is  40".  Many  of  these  slips 
;ind  -ihciirs  intei-seet  ime  juinlber,  the  abutment  of  older  slips 
ii|jiijj  liiItT  iJiies  b^-ing  conunonly  observed.  Many  of  the  shear 
zvin'S  buve  a  black  i:ouge  from  a  few  inches  up  to  about  a  foot 
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or  a  foot  and  a  half  in  width,  the  black  color  being  due  to  the 
pulverization  of  the  pyrite  and  chalcocite  in  the  zone  of  crush- 
ing. In  other  cases,  there  is  a  notable  deposit  of  these  sulphide 
shears  which  has  been  made  subsequent  to  the  movement  and 
which,  therefore,  shows  no  evidence  of  crushing.  In  those  cases 
where  the  black  gouge  is  present,  it  is  most  probable  that  the 
movement  was  progressive,  the  first  rupture  having  afforded 
conditions  favorable  for  the  deposition  of  the  sulphides,  and  the 
recurrence  of  the  movement  having  effected  their  attrition,  to- 
gether with  the  adjacent  porphyry.  In  some  cases  there  are 
seams  of  fresh  sulphides  in  the  midst  of  the  gouge.  At  the  lower 
limit  of  the  zone  of  oxidation  it  is  not  uncommon  to  find  that 
the  oxidation  has  extended  downward  along  the  slips  and  shears 
below  the  general  limits  of  the  zone.  It  appears  thus  that  these 
structural  features  of  the  porphyry  are  important  factors  in  the 
process  of  mineralization,  and  it  becomes  an  interesting  question 
to  inquire  into  their  origin.  The  contrast  which  is  presented 
between  the  intensely  broken  and  sheared  porphyry  and  the 
unmoved  condition  of  the  surrounding  country  indicates  at  once 
that  the  cause  of  the  movement  is  an  internal  one,  intrinsic  in 
the  mass  of  the  porphyry,  and  not  either  general  or  local  earth 
movements.  The  fact  that  the  prevailing  dip  of  the  slip  planes 
and  shear  zones  is  in  the  same  direction  as  the  dip  of  the  por- 
phyry mass,  though  probably  at  steeper  angles,  indicates  that 
the  movement  has  been  one  of  repeated  and  complex  normal 
faulting,  and  that  this  faulting  is  but  an  expression  of  the  ten- 
dency of  the  mass  to  adjust  itself  to  a  new  and  diminished  vol- 
ume. It  is  further  clear  that  such  a  tendency  would  not  have 
found  expression  in  faulting,  had  the  shrinkage  of  volume  been 
uniform  in  degree  and  in  time  throughout  the  mass. 

Our  inferences  thus  lead  us  to  a  picture  of  the  porphyry  mass 
shrinking  in  volume  unequally  in  different  parts  and  at  different 
times.  The  only  cause  that  can  be  suggested  for  such  a  shrinkage 
of  volume  is  a  chemical  change  within  the  porphyry  and  an  elimi- 
nation of  certain  of  its  chemical  constituents.  This  suggestion 
is  well  borne  out  by  the  abundant  evidence  of  kaolinization  and 
allied  changes  within  the  body  of  the  porphyry  as  far  as  it  has 
been  yet  explored.     The  change  from  orthoclase  to  kaolin,  with 
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the  purtinl  I'liuiinntioti  iif  Hlkaliet)  and  iiilien  and  tlie  addition  of 
wiiltT,  involves  a  vt-ry  eonaidernble  diniinntiun  of  volume,  and 
since  this  procesH  hao  been  gvneral  throuchout  Ihe  porphj-rj-.  it 
seems  reasonnble  to  ainke  it  accountable  for  the  shrinkayi'  iita!«. 
The  tendency  to  eollapw  nsi  the  process  proceeded  wonid  be  ad- 
justed by  siippin^;  and  shearing  on  normal  fault  plant's  and  na 
these  developed  ttie  mass  would  be  rendered  more  and  more  ae- 
eesfiibie  to  permeating  solutions. 

The  process  of  kaolinization  is  probably  most  commonly  in- 
augurated by  the  attack  of  carbonated  waters,  whereby  a  portion 
of  the  alkalies  is  removed  m  <**rbonat«,  carrj-ing  off  with  it  a 
portion  of  the  wlica  in  solution,  in  the  form  of  alkaline  silicate. 
It  has  been  shown  that  the  slippinif  and  shearing  of  the  ma»i 
of  porphyry  was  progressive  and  the  process  of  kaolinization 
WHX  prolmhly  also  progressive  extending  over  a  long  period  of 
time.  If  this  be  conceded,  tli'^re  is  nothing;  violent  in  the  assinn|>- 
tioTi  thitt  the  process  may  have  started  immediately  after  the 
solidification  of  the  porphyry,  the  source  of  tie  carbonic  acid 
being  the  decomposition  of  the  surrounding  limestones  by  con- 
tact with  the  hot  intrusive  mass.  This,  at  least,  is  the  hj'pothesis 
which  the  writer  entertains  to  esplnin  the  chemically  altered 
and  mechanically  sheared  condition  in  which  we  now  find  the 
porpliyr*-. 

The  hypothesis  finds  support  in  the  fact  that  it  affords  at  the 
snnic  time  ;i  consistent  explanation  of  certain  other  important 
phcnnmcnn  cnnnecicd  with  the  porphyry,  particularly  on  its 
periphery.  It  also  sufrtrcsts  an  adequate  explanation  for  the 
orii;innl  source  of  the  copper  ore  and  its  associated  pyrite.  Un- 
der the  hypothesis,  the  carbonic  acid  would  be  in  the  ascending 
waters  iifising  about  and  throush  the  recently  consolidated  por- 
phyry, tlic  ascending  tendency  being  due  to  Ihe  disturbance  of 
the  cqiiilibrinm  of  the  ground  water  of  the  region  by  the  inva- 
sion of  the  intrusive  nias.s.  This  ascending  water  charged  with 
carbonic  acid  wonId  inangvirate  the  kaolinization  of  the  por- 
phyry. Lime  would  be  present  in  these  waters  in  the  form  of 
tilt-  hicarlionatc.  I'lHlcr  these  circumstances,  certain  chemical 
rciictiiiji.s  would  tiike  place  from  the  recognition  of  which  there 
;i[)[>ciM-s  to  lie  nil  ■•scape.     The  potassium  silicate  formed  in  the 
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course  of  the  kaolinization  of  the  orthoclase  would  react  upon 
the  calcium  bicarbonate.  Potassium  bicarbonate  would  be 
formed  and  calcium  silicate  precipitated,  thus : 

K,SiO,+CaH,(C03)j=CaSi03+2KHC03. 

The  calcium  silicate  thus  formed  would  in  turn  be  decomposed 
by  carbonic  acid,  with  the  precipitation  of  insoluble  silica,  thus: 

CaSi03-fH3C03=CaH,.(C03)2-fH20-fSi02. 

These  reactions  were  verified  experimentally  for  the  writer 
by  Mr.  Herbert  Rass,  and  while  it  is  not  insisted  that  they  repre- 
sent the  detail  of  what  must  be  a  complex  series  of  chemical 
reactions,  yet  they  indicate  with  great  probability  the  source  of 
the  silica  which  is  so  abundantly  found  in  the  form  of  quartz 
blout  on  the  periphery  of  the  porphyry  mass,  and  the  general 
mode  of  its  derivation  from  the  porphyry.  It  accounts  also  for 
the  secondary  silica  in  the  body  of  the  porphyry.  Moreover, 
since  lime  silicate  is  formed  in  the  process  above  outlined,  it  may 
have  been  locally  precipitated,  in  combination  with  iron,  in  such 
situations,  on  the  periphery  of  the  porphyry,  as  to  escape  decom- 
position by  excess  of  carbonic  acid  and  so  give  rise  to  the  garnet 
rock  found  sporadically  at  the  contact  with  the  limestone  and 
to  some  extent  also  in  the  midst  of  the  quartz  blout.  Further, 
since  the  copper  ores  of  the  district  are  intimately  associated 
with  the  porphyry,  except  for  certain  unimportant  occurrences 
on  the  periphery  of  the  monzonite  which  probably  have  an  anal- 
ogous history,  there  seems  little  escape  from  the  conclusion  that 
the  copper  was  originally  minutely  disseminated  through  the 
porphyry  in  its  unaltered  conditon ;  and  that  the  same  ascending 
waters  which  robbed  the  porphyry  of  part  of  its  silica  to  form 
the  quartz  blout  also  leached  it  of  its  copper,  depositing  it  as 
chalcopyrite  in  the  blout,  whence  by  oxidation  and  the  agency 
of  descending  waters  it  was  carried  down  into  the  porphyry 
again  and  deposited  as  chalcocite,  the  permeation  of  the  rock 
by  such  descending  w^aters  being  greatly  facilitated  by  the  rup- 
turing and  collapse  of  the  mass  due  to  the  kaolinization. 


Vvivfrsity  of  CaJlfornia  PuhUi-atio 


MINETTE. 

In  the  nnderground  work  at  the  Ruth  Mine  there  have  befiW^ 
brought  to  light  two  oeeurrences  of  lamprophyres  neither  of 
which  were  detected  at  the  snrfaee  of  the  ground.  Both  of  these 
have  the  mineralogica!  characters  of  minette.  The  first  occurs 
as  a  small  dyke  a  few  feet  in  width  in  No.  1  level  east.  The 
dimensions  and  extent  of  the  dyke  are  difficult  to  determine  since 
it  has  been  affected  by  the  various  shearing  movements  in  the 
porphyrj-,  which  it  cuts.  Its  exposed  width  is  about  3  or  4  feet. 
It  strikes  N,  45  E.  and  dips  to  the  RW.  at  30°  and  conforms 
the  direction  of  the  slip  planes  in  this  part  of  the  porphyry. 
is  best  seen  at  the  fii-st  cross-cut  east  of  the  station  on  No.  1  lei 
but  may  be  traced  for  perhaps  50  feet  beyond  this  point. 

The  roek  of  the  dyke  is  fine  grrained  and  has  a  dark  pepptr- 
and-salt  (Tray  appearance.  It  is  traversed  by  quartz  stringers 
in  much  the  same  way  that  the  porphyry  is  but  is  not  notably 
mineralized.  Under  the  microscope  it  is  readily  seen  to  be  com- 
posed of  about  equal  proportions  of  brown  biotite  and  feldspar 
in  an  allotriomorphic  granular  aggregate.  The  feldspar  is  un- 
twinnpd  and  in  all  sections  has  a  lower  refractive  power  than  the 
balsam. 

The  second  occurrence  nf  the  minette  is  a  finer  grained,  com- 
pact, bluish  green  rock,  which,  in  the  zone  of  oxidation,  decom- 
pases  to  a  soft  yellowish  or  brownish  mass  of  almost  clieesy  con- 
sistency. The  thickness  of  this  mass  is  not  known  since  the  mine 
workings  have  not  pierced  it,  and.  owing  doubtless  to  its  soft 
decomposed  condition,  it  can  not  be  traced  at  the  surface.  It 
seems,  however,  to  form  a  somewhat  irregular  wall  limitintr  the 
ore-boaring  porphyry  to  the  northeast,  thus  forming  an  impor- 
tant clement  in  the  geologj-  of  the  copper  deposit.  All  of  the 
mine  workings  in  the  copper-bearing  porphyry  lie  to  the  south- 
west of  it ;  but  the  main  shaft  of  the  mine  and  the  upper  levels  to 
the  cast  have  penetrated  it  for  some  distance. 

In  tliiii  section  the  rock  appears  as  a  mieroerystalline  mosaic 
of  iiMtwiiincd  feldspar  having  a  lower  refractive  power  than 
b;i!s;ii]i,  ihninghunt  which  are  abundant  shreds  of  brown  biotite 
and  nuiiierou.s  arciis  of  secondary  white  mica.    Besides  this  there 
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are  grains  of  a  blue,  pleochroie  mineral  with  an  enormous  re- 
fractive power  and  a  moderately  weak  double  refraction.  Its 
maximum  polarization  tints  range  from  yellow  of  the  first  order 
to  blue  of  the  second  order,  while  the  orthoclase  for  the  same 
thickness  shows  gray  blue  of  the  first  order.  The  grains  show 
extinction  parallel  to  the  direction  of  elongation  where  such 
elongation  can  be  recognized.  The  sapphire  blue  color  is  not  uni- 
form but  patchy  in  its  distribution,  and  the  pleochroism  is  from 
blue  to  colorless.  The  blue  ray  corresponds  to  the  axis  of  less 
elasticity.  Surrounding  the  grains  of  this  mineral  is  usually  a 
border  of  white  micaceous  mineral,  evidently  secondary,  and 
derived  in  part  from  the  grains  which  it  envelops.  These  char- 
acters are  those  of  corundum,  and  it  thus  appears  that  we  have 
here  to  deal  with  a  corundiferous  minette,  a  fact  which  is  of 
course  suggestive  of  the  possibility  of  finding  a  f  acies  of  the  rock 
which  might  yield  sapphires  of  value.  Those  revealed  in  the 
study  of  the  thin  sections  are  of  microscopic  dimensions;  but 
inasmuch  as  sapphires  have  been  found  in  similar  rocks  in  Mon- 
tana,* their  discovery  here  is  a  hint  which  may  some  day  be  of 
service  in  the  search  for  gems. 

Besides  the  minerals  above  described  there  is  considerable 
pyrite  scattered  through  the  rock  in  isolated  crystals. 

Chemical  Composition. — The  corundiferous  minette,  consti- 
tuting as  it  does  an  important  feature  of  the  mine  as  a  wall  or 
barrier  limiting  the  distribution  of  the  actually  developed  ore 
body  on  the  north,  was  subjected  to  analysis  for  the  writer  by 
Mr.  Ross  with  the  object  of  settling  as  definitely  as  possible  its 
petrographical  character  and  its  possible  relations  to  the  ore- 
bearing  porphyr>\    The  results  of  the  analysis  are  as  follows : 


•  U.  S.  G.  S.  20th  Ann.  Rpt,  Pt.  Ill,  p.  554  et  seq. 
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From  this  analywH  the  following  percental  of  minerals  in 
the  rock  has  been  eulciilMted  hs  probably  ivpresentinp  its  com- 
position although  the  estimate  is  not  altogether  satiafaelory:      J 
OnhoclssG         31.  I 

Albit?  ^ 

.\northiIe  1. 

BioUte  IT. 

Muscovite  8. 


99,4 
From  this  it  is  evident  that  the  rock,  aithongh  much  kaolin- 
ized,  pyritized,  silicified,  and  otherwise  altered,  is  rich  in  ortho- 
flase  and  biotite  and  corresponds  iii  a  genera!  way  with  what 
mif.'ht  lie  expected  of  a  much  altered  miiiette.  The  hiph  content 
of  ahiiiiina  in  the  analysis  can  only  be  accounted  for  on  the  as- 
sumption that  some  of  that  oxide  exists  in  the  rock  uncombined, 
thus  confiniiinsr  the  microscopic  detection  of  corundum. 
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RHYOLITIC  LAVAS  AND  TUFFS. 

In  the  general  statement  of  the  geology  of  the  district  it  has 
been  said  that  the  latest  rocks  with  which  we  have  to  deal  are 
certain  rhyolites  and  tuffs  which  were  erupted  after  the  geo- 
morphic  evolution  of  that  region  was  well  advanced  toward  its 
present  condition.  In  the  district  as  mapped  there  are  two  con- 
siderable areas  of  such  rocks  besides  some  outlying  patches.  The 
first  of  these  is  at  Quarry  Hill  which  occupies  the  western  medial 
portion  of  Ocher  Valley.  The  hill  has  a  north  and  south  extent 
of  about  4,000  feet  and  a  width  of  1,500  to  2,000  feet.  The  vol- 
canic rocks  which  compose  it  clearly  rest  upon  the  eroded  sur- 
face of  the  Arcturus  limestone  and  have  a  thickness  of  about 
180  feet.  The  lava  is  not  now  connected  with  any  eruptive  vent, 
and  is  evidently  the  remnant  of  a  much  more  extensive  sheet 
which  once  occupied  the  valley,  and  doubtless  was  once  contin- 
uous with  an  area  of  similar  rocks  about  two  miles  down  the 
valley  near  the  old  Ely  stage  road.  One  may  completely  encircle 
the  hill  without  leaving  the  exposed  Arcturus  shale  limestone; 
but  on  the  northeast  side  of  the  highest  part  of  the  hill  the  limit 
of  the  lava  is  a  fault  which  has  dropped  it  down  against  the 
limestone.  It  is  evident  from  the  situation  of  this  lava  that, 
although,  as  will  be  shown  later,  the  region  has  been  deformed 
and  faulted  since  its  eruption,  the  valley  which  it  occupies  must 
have  had  locally  pretty  much  the  same  general  configuration  as 
is  now  presented  to  us  by  resurrection  due  to  removal  of  the 
greater  part  of  the  lava  by  erosion. 

Three  Members  of  Volcanic  Series. — The  section  afforded  by 
the  abrupt  faces  of  Quarry  Hill  shows  that  there  are  three  dis- 
tinct members  in  this  volcanic  accumulation.  The  first  of  these 
is  a  w^hite  tuff  exposed  at  the  base  of  the  hill,  on  its  east  side, 
where  the  wagon  road  from  the  Ruth  Mine  to  Copper  Flat  passes 
it.  The  rock  is  composed  of  frapnents  of  {)umiceous  glass  and 
rhyolite  with  broken  crystals  of  (jiiartz  and  feldspar.  The  frag- 
ments are  usually  small  but  some  of  them  are  a  few  inches  in 
diameter.  The  tuff  is  rather  firmlv  cemented.  The  full  thick- 
ness  is  not  exposed  but  it  was  estimated  to  be  not  less  than  10 
feet.  To  the  north  and  northeast  of  Quarr>'  Hill  beyond  the 
limits  of  the  territory  mapped,  this  tuff  formation  is  well  ex- 


po«(^  in  artificial  and  natural  (mttingii,  and  is  thpre  shown  t« 
Im!  well  Btmtified  and  to  have  a  thiclmeaa  several  times  greater 
than  the  estimutc  Riven  above.  The  tuff  has  been  quarried  to 
noine  extent  »t  various  croppings  for  the  buiiding  of  fire  boxes 
for  steam  boilers  at  the  various  mines  of  the  distriet. 

Above  thB  tuff  lit-s  a  sheet  of  blaok  g)assy  porphjTitio  lava 
hnviiip  the  grcjwj-  IuhUt  of  a  pit«hstone.  This  lava  Li  best  ex- 
posed on  the  north  slope  of  the  hill  but  its  tluokness  could  not 
!»  satisfuclorily  determined.  It  may  be  40  feet.  Above  this  the 
bulk  of  the  bill  is  eomposed  of  a  purplish  red  lava  of  Htboidal 
aspect  with  abundant  phenocryats  of  feldspar  and  black  quartz. 
This  rock  extends  to  the  summit  of  the  hill  where  a  snaai!  tjuarry 
hux  )>een  worked  which  ^ves  its  name  to  the  Iiill,  This  purple 
lava  U  traversed  by  rtruetural  planes  of  parting  which  appear 
to  be  parallfl  flow  planes  of  the  lava  and  dip  to  the  northeast 
at  ancles  of  about  23*^,  indicating  a  tilling  of  the  formation 
since  its  solidification.  Traversing  these  flow  and  parting  planes 
are  several  well  marked  jointages.  The  best  defined  syHtem 
strikes  N.  65"  E.  with  a  dip  of  70"  to  the  south-southeast,  Tbe 
nert  best  defined  system  has  a  similarly  steep  dip  to  the  si>uth- 
west.  In  the  absence  of  all  suggestion  or  evidence  of  compres- 
sive stres-ses,  these  joints  are  most  simply  explained  as  due  to 
rolief  from  tensile  stres.ses.  There  is  no  cohminar  structure  in 
tbe  nu-k. 

At  Copper  Flat  village  and  a  little  to  the  north  of  it  th.-re 
iire  three  outlying  patches  of  the  purple  variety  of  the  lava 
lyiiij:  partly  on  the  Arctunis  limestone  and  partly  on  the  por- 
phyry. The  largest  of  these  lies  on  both  sides  of  the  main  street 
of  Copper  Flat  but  chiefly  on  the  east  side.  It  has  a  length  from 
north  to  south  of  about  1.000  feet  and  a  width  of  about  5<Xi  feet. 
Ni'itber  the  black  pitchstonc  nor  the  white  tuff  appear  to  be  here 
present  beneath  the  purple  rhyolite. 

Tbe  second  important  area  of  rhyolite  is  found  on  'White  Hill, 
the  siiTiniiit  of  which  is  about  a  mile  and  a  half  from  Copper 
Flat  to  tb<'  sioulbivcsl.  This  is  a  roughly  triangular  area,  the 
iMiJtr-st  side  of  which  is  to  tbe  north  and  is  determined  by  a 
iMiilt  "hi'-h  liii.s  dr<.>pped  the  rhyolite  against  the  porphyry,  ihc 
Ely  liiiiestnne  and  the  Arcturus  shaly  limestone.     It  is  nearly 


Vol.  4]  Lawson. — Th£  Robinson  Mining  District.  349 

a  mile  in  greatest  length  along  the  line  of  the  fault.  On  the 
south  side  the  purple  rhyolite  reposes  partly  upon  the  porphyry, 
partly  upon  the  Ely  limestone  and  partly  upon  the  Arcturus 
shaly  limestone.  The  thickness  of  the  lava  is  estimated  to  be 
here  not  less  than  300  feet.  At  its  base  where  it  reposes  upon 
the  older  formations,  no  exposures  were  found  of  either  the 
black  pitchstone  or  the  white  tuff  and  it  is  probable  that  they 
are  here  absent  from  the  section.  The  purple  rhyolite  of  White 
Hill  differs  somewhat  in  detail  from  that  described  at  Quarry 
Hill.  It  is  of  a  more  compact  texture  and  a  lighter  color  and 
shows  a  more  pronounced  flow  structure.  It  breaks  down  readily 
into  thin  slabs  or  shaly  fragments,  a  tendency  which  was  not 
observed  at  Quarry  Hill. 

Petrographical  Characters. — Hand  specimens  of  the  dark 
pitchstone  variety  of  the  rhyolite  present  the  characters  of  a 
back  glass  thickly  studded  with  sharply  defined  phenocrysts  of 
vitreous  to  dull  white  feldspar,  from  1  to  4  mm.  in  length,  small 
dark  quartzes  and  a  few  flakes  of  brown  biotite.  Under  the 
microscope  the  ground  mass  is  a  stippled  gray  glass,  the  stippled 
appearance  being  due  to  the  sporadic  distribution  of  clusters  of 
polygonal  microlites  and  stellate  trichites.  The  glass  has  a  lower 
refractive  power  than  balsam.  In  this  glass  are  imbedded  nu- 
merous phenocrysts  of  cracked  sanidine,  more  or  less  corroded 
quartz,  a  little  plagioclase  and  a  few  crystals  of  greenish  brown 
biotite.  The  plagioclase  is  in  some  cases  enclosed  in  the  sanidine 
which  also  holds  occasionally  inclusions  of  glass.  The  sanidine 
has  a  small  optic  angle  giving  in  isotropic  sections  a  nearly  un- 
iaxial figure  and  a  negative  sign. 

The  more  abundant  variety  of  the  rhyolite  of  purplish  tint 
is  composed  of  a  compact  ground  mass  in  which  are  imbedded 
numerous  vitreous  phenocrysts  of  feldspar  ranging  in  size  up 
to  5  mm.,  and  dark  quartz  rarely  exceeding  3  mm.  in  diameter. 

In  thin  section  the  ground  mass  is  a  turbid  glass  with  nu- 
merous small  vaguely  defined  doubly  refracting  areas.  The 
feldspar  is  mostly  sanidine  with  a  little  plagioclase.  The  quartz 
has  well  defined  boundaries  of  the  usual  dihexahedral  habit,  but 
is  occasionally  somewhat  resorbed.  The  microscope  reveals  a  few 
foils  of  biotite  not  apparent  in  the  hand  specimens. 


OBSnUAN. 

On  the  Jonphinc  viaim,  n«u-  Vertum's  cabin,  is  h  smnll  ex- 
piwDrv.  mtt  rxtvrdini;  30  fe«t  in  diainetrr,  of  obsidinii,  wliitrb 
appesm  to  be  intrusive  in  the  porphyry.  Il  is  the  oiiiy  iiecnr- 
reno«  of  ihe  kind  which  haM  In-en  observed  within  the  area  of 
the  distri<?t  trsumioed,  and  is  ver>'  probably  connected  with  the 
voloiDic  a4!tivity  which  gsre  rise  to  thi*  rhyoliti-  Qovn.  nUhcniiih 
there  is  no  direct  e\iden«  bearing  upon  this  correlalinii.  Id 
the  midst  of  this  exposure  u  wide  pit  has  been  sunk  to  a  depth 
of  perhaps  12  fevi,  itnd  fre&h  obsidian  is  well  exposed  od  the 
wuIU  of  tht)  pit,  Surrounding  the  exposure  on  all  sides  nt  the 
•urfae«  there  is  nothing  but  porphyry*  as  far  as  can  bi^  niad« 
out  from  an  examination  of  the  mil  and  hillside  wash.  As  the 
naotle  of  dvbris  is  here  rather  hea^*}',  bowe^'er.  it  is  poRsible  that 
the  obiudian  has  a  uiueh  greater  extent  than  is  repealed  in  ti^m 
exposure.  The  setual  conta<7t  with  the  adjoiiiiog  porphyry  il» 
nowhere  exposed.  t 

The  obsidian  is  a  somewhat  rettinous  looking,  dark,  vitreoos 
roek  which  might  from  its  luster  be  called  a  pitcbstone.  The 
most  remarkable  feature  connected  with  the  oeeurrenr*-  is  that 
the  rock  contains  numerous  inclusions  of  dark  altered  shale 
ranj-'ini:  from  half  an  inch  to  2  or  3  inches  in  diameter.  These 
ini-lusirtns  indicate  that  the  iutnisiou  ha^  pierced  the  Whitv  I'ine 
shale  in  depth,  and  has  derived  its  inclusions  from  that   for- 


L'ndcr  the  microscope  the  ob.sidian  appears  as  a  brnwnish 
ass  "ith  a  well  marked  tiow  structure  conlainintr  (K-easi.mal 
aL-riieiUs^  nf  crystals  of  sanidine  and  quartz.  Under  hi^-h  ]>"W- 
s  the  ,i;liis.s  appeai-s  whitish  and  the  brown  color  is  sei-n  to  b.^ 
[■■  tn  nuiiiiTcius  brownish,  irret:ularly  shaped,  rasiiieii  or  H-X'- 
li-iii   ii]i'lii>ions.     These  arc  drawn  out  in  lines  and  iiiw  the 
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tals  of  chiastolite.  The  ground  mass  of  the  rock  is  murky  and 
much  obscured  by  particles  of  carbonaceous  matter.  Through 
this  are  disseminated  small  flakes  of  brown  biotite.  The  chias- 
tolite, in  beautifully  idiomorphic  crystals  with  geometrically  dis- 
posed carbonaceous  inclusions,  lies  in  this  matrix.  The  sections 
are  square,  oblong  and  rhombic,  and  the  carbon  is  arranged  in 
the  usual  way  so  characteristic  of  chiastolite.  The  size  of  these 
chiastolites  is  generally  about  .5  mm.  in  longest  dimension.  The 
discovery  of  such  pronounced  evidence  of  thermal  metamor- 
phism  under  such  conditions  is  most  interesting  as  indicating 
that  no  greater  time  is  required  to  effect  such  changes  than  is 
required  for  a  magma  to  solidify  as  a  glass — a  period  which  is 
generally  conceded  to  be  quite  short. 

OTHER  METALLIFEROUS  DEPOSITS. 

Before  the  Robinson  Mining  district  became  known  as  a  pros- 
pective copper  camp,  various  attempts  had  been  made  to  mine 
lead-silver,  and  gold  ores.  Up  to  the  present  these  attempts  can 
not  be  said  to  have  been  successful  in  the  sense  of  having  led 
to  profitable  mining  operations.  But  a  considerable  amount  of 
capital  has  been  sunk  in  the  district  in  gold  mines  and  an  un- 
certain amount  of  selected  ore  has  been  shipped  out  from  the 
lead-silver  mines. 

The  writer  has  made  no  special  study  of  these  deposits  and 
cannot,  therefore,  undertake  their  discussion  here.  It  is  de- 
sired, however,  to  call  attention  to  certain  features  of  these  de- 
posits, particularly  as  regards  their  relation  to  the  ore-bearing 
porphyry.  The  lead-silver  deposits  form  a  fairly  well  defined 
belt  confined  to  the  Ruth  limestone  and  lying  to  the  north  of 
ore-bearing  porphyry  and  Lane  Valley.  The  gold  deposits  occur 
in  various  Palaeozoic  formations,  particularly  the  Ruth  lime- 
stone and  the  White  Pine  shale,  and  are  distributed  in  a  belt 
on  the  south  side  of  the  ore-bearing  porphyry  and  Lane  Valley 
although  just  beyond  the  area  mapped  there  are  some  gold  pros- 
pects on  north  of  Lane  Valley.  This  general  distributicm  of 
the  two  kinds  of  deposits  appears  to  the  writer  to  be  significant 
of  a  genetic  relationship  with  the  same  porphyry  which  has 
given  ri.se  to  the  copper  ore.     In  the  \icinity  of  the  Ruth  ^line 


tlie  gold  ores  have  doI,  been  exploited  to  any  notRble  extent  aod 
the  writer  has  only  seen  the  gossan  of  one  deposit.  The  ganguti 
is  n  silicified  limestone  more  or  less  stained  with  ocber  from  the 
ondation  of  pyrite.  The  deposit,  so  far  as  eonld  be  judged  from 
the  collar  of  a  prospect  pit,  is  disposed  parallel  to  the  stratifica- 
tion of  the  Ruth  limestone.  The  writer  was  informed  that  the 
ore  ran  at  $18,0(1  per  ton  but  can  not  vouch  for  the  fact. 

This  deposit  lies  in  the  limestone  a  little  below  the  porphyiy 
in  which  the  Ruth  copper  mine  is  situated. 

The  lead-silver  deposits  to  the  north  of  the  Ruth  are  abovt 
the  porphyry.  On  the  Phoenix  claim  a  considerable  amount  of 
development  work  has  been  done  and  the  character  of  the  de- 
posits can  to  some  estent  be  observed.  The  ores  are  for  the  most 
part  distributed  along  the  planes  of  bedding  in  the  limestone. 
The  latter  is  inelined  at  quite  low  angles  (18'  to  the  N.E.)  and 
mineralization  has  occurred  at  different  stratigraphic  horizons 
one  above  another.  These  successive  sheets  of  ore  are  connected 
with  one  another  by  a  vertical,  mineral-filled  fissure,  and  the 
tabular  deposits  so  connected  seem  to  pinch  out  at  no  great  dis- 
tance from  the  vertical  vein.  The  tabular  deposits  near  the  ver- 
tical vein  vary  from  one  to  three  or  tour  feet  in  thickness  an(l 
the  vertical  vein  was  at  one  place  observed  to  be  two  feet  wide; 
but  in  both  the  vertical  vein  and  the  tabular  deposits  parallel 
to  the  strata  the  thickness  varies  rapidly.  The  occurrence  of 
the  ores  in  the  deposits  is,  also,  so  far  as  could  be  observed,  far 
from  uniform.  The  prevailing  color  of  the  ore  in  the  mass  is 
light  ocherous  yellow  and  iron  minerals  appear  never  to  have 
been  abundantly  represented  in  the  deposits.  The  chief  gangue 
is  silica  which  appears  to  be  a  replacement  of  the  limestone  and 
the  croppings  at  the  surface  resemble  closely  the  quartz  blout 
of  the  neighboring  porphyrj'.  Some  of  the  limestone  imme- 
diately adjacent  to  the  deposits  is  of  a  dead  white  chalky  char- 
iii-ter  and  is  somewhat  slickensided.  It  resembles  massive  kaolin 
but  elTcrvcsces  freely  with  acid.  The  siliceou-s  vein  matter  car- 
I'ifs  galena,  a  sample  of  which  was  examined  by  Mr.  Ross  and 
rmind  to  contain  22.4  ounces  of  silver  to  the  ton  and  $1.49  in 
^'uld.  Besides  the  galena  there  are  azurite,  malachite,  and  chrj^s- 
ocolla  in  sparing  quantities,  a  little  cerussite  and  considerable 
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calamine.  With  the  quartz  of  the  gangue  are  also  chalcedony, 
opal,  fluorspar,  and  calcite.  There  are  also  some  dendritic  films 
of  manganese  oxide. 

While  in  general  the  chief  feature  of  the  mineralization  has 
been  the  silicification  of  the  limestone,  there  is  abundant  evi- 
dence of  minor  fracturing  and  crustification  and  much  of  this 
has  occurred  after  the  chief  deposition  of  silica. 

From  the  general  facts  above  set  forth,  it  appears  that  in 
the  vicinity  of  the  Ruth,  without  considering  the  mines  farther 
east,  there  are  three  well  marked  zones  of  metalliferous  deposits, 

viz.: — 

1.  A  central  one  containing  sulphides  of  iron  and  copper  in 
the  porphyry. 

2.  A  southern  one  carrying  gold  in  the  limestones  below  the 
porphyry. 

3.  A  northern  one  carrying  argentiferous  galena  with  sub- 
ordinate zinc  and  copper  minerals  in  the  limestones  above  the 
porphyry. 

The  segregation  of  the  metals  in  this  stratigraphic  or  struc- 
tural relation  to  the  porphyry  is  a  most  interesting  fact  but 
with  the  limited  data  available  it  would  be  perhaps  unwise  to 
attach  too  much  significance  to  it.  The  fact  is  here  recorded  in 
the  hope  that  it  may  prove  useful  when  considered  in  connection 
with  similar  observations  elsewhere  in  suflficient  abundance  to 
lead  to  an  inductive  hypothesis. 

FAULTS. 

The  general  structure  of  the  district,  particularly  as  regards 
the  folding  of  the  Palaeozoic  strata,  has  been  briefly  described 
in  an  earlier  part  of  the  paper.  The  essential  features  of  the 
structure  are  the  Ruth  syncline  with  an  axis  pitching  northerly, 
the  rather  flat  Saxton  anticline  pitching  southerly  flanking  this 
on  the  west,  and  the  broad  spreading  Rib  Hill  anticline,  pitch- 
ing to  the  southeast,  flanking  it  on  the  west.  These  folds  appear 
to  have  been  established  before  the  advent  of  the  earliest  intru- 
sive, the  Weary  Flat  monzonite,  which  appears  in  the  axis  of 
the  Rib  Hill  anticline  cutting  across  the  folded  strata.  The  sim- 
plicity of  these  folds  is  interrupted  by  the  more  or  less  contin- 
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\ious  belt  of  nre-bearing  porphyry  whicli  traverses  the  district 
Willi  a  trend  in  neueral  transverse  tin  the  strike  of  the  neiliiut.'D- 
tary  strata.  It  ia  pmbable  that  the  niplurtn^  i>f  tbest-  foMcd 
fonualions.  incident  to  tho  injwlion  of  the  mtnisive  masses, 
was  accoupanied  by  more  or  I«s!t  pronounced  dislocations ;  but 
such  dislocations  were  more  of  the  nature  of  laceolilhic  lifting 
of  the  formations,  one  part  from  another,  than  of  fanlts  in  the 
nfiual  sense  of  the  term. 

The  ouly  true  faulting  mibtiequent  to  these  intrusions  that 
has  twen  dctwrted  in  the  district  is  of  very  late  date,  since  the 
faults  traverse  the  sheets  of  rlij-olite  which  were  poured  out  over 
the  surface  at  a  time  when  the  latter  had  been  reduced  by  ero- 
sion approximately  to  its  present  general  configuration.  These 
rhyolitie  lavas  may  be  early  Pleistocene  and  are  certainly  not 
older  than  late  Plioeene.  judging  from  the  degree  of  degradation 
which  the  repioD  has  suffered  since  their  estravaaation.  It  is. 
therefore,  believed  by  the  writer  that  the  faulting  is  not  older 
than  early  I'leistoeene. 

Of  these  faults  traversing  the  district  perhaps  th^most  prom- 
inent in  the  geological  mapping  is  that  which  crosses  the  north- 
em  flank  of  White  Hill  and  throws  the  rbyolite  capping  of  that 
eminence  down  into  the  Palaeozoic  rocks.  This  fault  ha.s  a 
general  northeast-simthwe-st  trend,  and  the  mapping  shtiws  that 
it  hades  to  the  southeast  jit  a  small  angle  from  the  vertical.  This 
is  the  direction  of  the  down  throw  and  it  is  thus  a  normal  fault. 
The  down  throw  brings  rliyollte  against  the  Areturus  and  Ely 
formations  and  against  the  ore-bearing  porphyry.  The  mini- 
mum estimated  value  fnr  the  amount  of  the  down  throw  is  '200 
feet  and  it  may  be  much  more  than  this,  depending  upon  the 
reiliictidn  which  the  surface  on  the  upthrow  side  has  suffered 
since  the  faulting  transpired. 

To  the  northeast,  in  the  vicinity  of  Copper  Flat  the  fault  has 
dropped  the  ore-bearing  porphyrj-  against  the  White  Pine  shale, 
and  the  northeastfni  bouudan-  of  the  porphyry  has  thereby  been 
li<-;ived  to  the  northeast,  a  distance  of  about  3.000  feet. 

A  srcoinl  fault  of  some  importance  is  that  which  traverses 
Ociii-r  \'allcy  with  a  general  east-west  trend  and  drops  the  rbyo- 
lite of  Quarry  Hill  against  the  Areturus  limestone.     The  throw 


1 


Vol.  4]  Lawson, — The  Robinson  Mining  District,  355 

here  is  downward  on  the  south  side  of  the  fault  and  its  minimum 
amount  is  about  100  feet.  This  fault  curves  somewhat  on  its 
strike  and  if  continued  for  about  half  a  mile  beyond  the  point 
where  the  dislocation  is  apparent  on  the  northeast  face  of  the 
Quarry  Hill,  it  would  converge  upon  the  White  Hill  fault  in 
the  vicinity  of  Copper  Flat.  In  attempting  to  follow  the  fault 
to  this  intersection,  it  was  found  that  the  fault  appears  to  fade 
out  and  no  dislocation  was  observed  of  the  west  boundary  of 
the  Quarry  Hill  area  of  rhyolite.  Followed  to  the  eastward  the 
fault  is  observable  in  the  dislocation  of  the  quartz  blout  near 
the  grade  up  from  Ocher  Valley  to  the  Ruth  Mine.  The  trend 
of  the  fault  from  this  point  would  be  toward  the  Ruth  Mine 
and  it  is  possible  that  the  precipitous  bluffs  which  rise  above 
the  mine  are  in  some  way  an  expression  of  this  fault,  but  no 
dislocation  of  the  rocks  could  be  here  detected.  Beyond  the 
mine,  however,  there  is  an  obscure  line  of  dislocation  of  the 
quartz  blout,  porphyry,  and  limestone,  extending  from  the  north- 
east comer  of  the  Ruth  claim  to  the  east  end  line  of  the  Kimbley 
claim. 

The  remarkable  geomorphic  character  of  Lane  Valley  and 
the  stratigraphic  relations  of  the  formations  on  either  side  of 
the  valley  suggest  that  the  course  of  the  valley  has  been  deter- 
mined by  a  fault;  but  as  the  valley  is  deeply  filled  now  with 
alluvium,  the  nature  of  the  fault,  if  such  there  be,  is  obscure 
and  difficult  to  decipher.  In  the  lower  part  of  Lane  Valley  be- 
yond the  limits  of  the  map,  there  is  an  important  fault  trans- 
verse to  the  trend  of  the  valley,  the  dislocation  of  the  strata 
being  observable  on  the  precipitous  north  side  of  the  valley.  The 
alluviation  of  Lane  Valley  is  probably  due  to  a  disturbance  of 
the  drainage  caused  by  this  dislocation.  Below  the  fiat-bottomed 
alluviated  portion  of  the  valley,  the  drainage  is  through  a  rather 
steep  grade,  rocky  gorge. 

Besides  these  more  important  faults,  a  number  of  minor  dis- 
locations were  observed,  but  they  could  not  be  traced  for  more 
than  short  distances  and  they  do  not  appear  to  be  factors  in  the 
structure  which  call  for  more  than  the  briefest  mention.  One 
of  these  is  on  the  east  flank  of  Rib  Hill ;  a  second  crosses  a  gulch 
about  500  yards  west  of  the  head  of  Lane  Valley  with  a  north 
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and  south  trend  and  is  best  seen  in  a  tannel  which  has  been  ' 
driven  on  the  west  aide  of  the  puleh ;  a  third  lies  about  400  yards 
west  of  Copper  Fiat  and  appears  to  be  a  spur  or  branch  from 
the  main  White  Hill  fault  already  noted;  a  fourth  lies  about 
800  yards  northwest  of  the  Saxton  mine  and  brings  the  Ruth 
limeHtone  in  abutment  upon  the  White  Pine  shale  and  a  similar 
fault  occurs  on  the  north  side  of  Lane  City. 


MINERALOGY  OF  THE  DISTRICT. 

In  addition  to  the  minerals  enumerated  in  the  petrographical 
descriptions  of  the  rocks  of  the  district,  the  following  minerals 
have  lieen  encountered  and  are  here  summarily  listed  with  brief 
notes  for  convenient  reference,  in  the  expectation  that  the  list 
will  grow  larger  aa  the  district  becomes  better  known. 

Pyrite  in  small  cubes  and  pentagonal  dodecahedra  common 
in  the  ore-bearing  porphyry  and  minette  below  the  zone  of  oxi- 
dation. 

Chalcopyriie  in  neste  and  irregular  maases  usually  associated 
with  garnet  at  the  contact  of  the  raonzouite  with  limestone  and 
shale  and  in  the  quartz  blout  of  the  ore-bearing  porphyry. 

Chalcocite  the  valuable  copper  ore  of  the  district,  and  so  far 
as  known  confined  to  the  ore-bearing  porphyry  below  the  zone 
of  oxidation  through  which  it  is  disseminated  in  small  grains. 

Xative  copper  found  rarely  in  the  ore-bearing  porphyry  of 
the  Ruth  iline. 

C'lirysocolla  occurs  to  a  limited  extent  in  the  ore-bearing  por- 
phyry and  more  abundantly  in  croppings  of  ore  in  isolated 
bodies  of  quartz  blout,  and  then  associated  with  the  carbonates 
of  copper. 

Azuritc  in  the  superficial  or  oxidized  zone  of  the  ore-bearing 
porphyry  at  the  Copper  Flat  mines  and  in  various  isolated  crop- 
piugs  of  quartz  blout. 

Malachite  same  occurrence  as  azurite. 

Cliakaiithitti  as  incrustations  of  current  formation  on  moist 
surfjtccs  of  the  ore-bearing  porphyry  protected  from  the  rain. 

Mtiaiilerite  same  occurrence  as  chalcanthite. 

OUroiile  (!)  a  green  mineral  determined  qualitatively  as  a 
copper  arsenate.    A  rare  occurrence  in  the  Ruth  Mine. 
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Turquois  occurs  sparingly  in  the  ore-bearing  porphyry  of  the 
Ruth  Mine. 

Oalena  occurs  somewhat  abundantly  in  silver-lead  deposits  to 
the  north  of  the  Ruth  and  to  the  north  of  Lane  Valley. 

Molybdenite  thin  films  in  the  minette  of  the  Ruth  Mine. 

Calamine  found  rather  commonly  in  the  zone  of  oxidation  of 
the  silver-lead  deposits  to  the  north  of  the  Ruth. 

Fluorspar  gangue  mineral  of  the  silver-lead  deposits  and  also 
in  nests  in  the  ore-bearing  porphyry  near  the  head  of  Lane 
Valley. 

Calcite  a  gangue  mineral  in  the  silver-lead  deposits. 

Magnetite  in  considerable  bodies  at  the  Ruth,  Copper  Flat, 
and  Pilot  Knob  at  the  contact  of  the  ore-bearing  porphyry  with 
limestones.  Apparently  only  on  the  lower  side  of  porphyry 
intrusive. 

TJmonite  same  occurrence  as  magnetite  but  more  limited: 
also  common  in  the  oxidized  zone  of  the  pyritiferous  rocks. 

Garnet  common  at  the  contact  of  monzonite,  monzonite  por- 
phyry, and  ore-bearing  porphyry  with  limestones;  both  light 
yellow  garnet,  grossularite,  and  a  red  lime-iron  garnet,  andra- 
dite,  occur.  The  andradite  also  occurs  in  the  quartz  blout  below 
the  zone  of  oxidation. 

Chi<istolite  in  fragments  of  black  metamorphic  slate  enclosed 
in  obsidian  on  the  Josephine  claim. 

Rhodochrosite;  presence  inferred  from  the  pink  color  of  cer- 
tain limestones  which  weather  to  a  brownish  black  color  and  give 
reactions  for  manganese. 

Wad  rarely  found  in  the  porphyry  of  the  Ruth  Mine. 

Talc  occurs  in  a  notable  body  in  a  tunnel  run  into  the  ore- 
bearing  porphyry  on  the  west  side  of  a  gulch  about  500  yards 
west  of  the  head  of  Lane  Vallev. 

Gypsum  occurs  as  a  current  deposition  on  the  rubble  of  cer- 
tain dumps  near  the  head  of  Lane  Valley. 

Opal  sparingly  in  small  veins  in  silver-lead  deposits. 

Biotite  a  notable  occurrence  in  the  fonn  of  nests  in  the  ore- 
bearing  porphyry  in  Copper  Flat  mines  and  to  a  much  less  ex- 
tent in  the  Ruth  Mine. 

University  of  Calif omia, 
May,  1906. 
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INTROOrCTION. 

Recent  researches  on  the  amphiboles  have  shown  quite  clearly 
that  in  this  important  group  of  minerals,  especially  in  the  mono- 
clinic  series,  there  are  still  many  questions  to  be  solved.  The 
amphibolt  family  is  far  from  having  the  same  simplicity  and 
clearness  in  cltosrification,  the  same  facility  in  the  identificati(m 
of  minerals  and  names,  or  the  same  precision  in  the  physical  and 
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chi-tiiii'iil  propi-rties  of  the  tipecieH.  aa  the  etjuully  important  turn- 
iiii's  iif  the  ffliispars  and  pyroxi-iifs, 

This  cdiiies  nnturully  from  Un-  compficfltcd  ehpniicsl  conrti' 
tution.  and  from  the  difficulty  of  hrinirin^  intji  i-low  and  eon- 1 
linuoiu  rt-Utioii  tho  phy«icfll  properties  and  the  cbMuical  <^mpo^  1 
sitioii  of  thcw  miiii'i-HlB,     Vet.  when  we  try  to  introduce  order 
into  this  ^roiip.  tnkiiif;  as  our  hasii*  either  the  ehemical  roinpo«i- 
tioii  or  thi>  optinal  or  other  physieal  properties  {r.g..  eteh-fiinires, 
ete.t,  we  And  ourselves  ponfroiitsd  by  verj'  niHiiy  atiwira.  sub-   i 
speeieR,  and  \'arietjeii,  where  oftcu  th^^  different  indi^ndiiHls  stud-  i 
ii'd  fire  variable  in  their  mnipuKition  titpil  |in)pcrti«4,   fontiing  | 
tiitcrmeilinte  Icritis  ixit  I'any  to  elswiify. 

Isolated  niineralofjieal  invest iprat ions  of  ditTerent  members  ofl 
this  fatiiily.  whether  well  crystaiiized  or  not,  occurring  fre-J 
ijuently  in  small  i|uantities.  differing  from  each  other  in  locality,! 
in  occurrence,  and  in  ^c-ncsui.  will  hardly  give  the  possibility  0 
a  natural  claiwificiition.    Wc  Hhuuld  much  more  esHJly  attain  r 
suits  by  no  invuttigation  of  these  minerals  when  th*y  oeour  in  a  1 
stries  of    rocks  from  a  petroloRioal   province.     Following  the.  J 
chanees  in  the  iTiineralogical  and  cheinieai  composition  of  the  ^ 
roeks,  we  can  learn  the  variation  which  the' minerals  themselves 
nndermi,   and   perceive  the  direction   of  the   variation    in   their 
I'heiriiciil  ciinipiisilioii  and  pliysical  properties.    Such  ji  study  niiisl 
ini-hide,  lii'sich's  ;i  jiiTcisc  and  detailed  determination  of  the  phys- 
ical jiroju'rtit's.  jilsi>  a  series  of  exact  chemical  analyst's  of  ilie 
individuals  studied. 

Duriiis;  a  visit  to  Anu'cii'a  I  had  the  opportunity  of  studyiiiir 
t\\(\  iniporlaiil  series  nf  rocks  with  amphibolcs:  rocks  with  ric- 
heekjte  I  f  finu  M;tssi!ehusetts.  Dohro-reH.  etc.):  and  roeks  with 
L'htui-cipliiuie  ( I'niiii  Califuvnia  t.  These  two  series  comprise  lar^' 
nuMihers  of  iiieks  with  variiius  aniphibok's  from  hornblende  t" 
lietieeUile.  or  from  aetiuolitc  to  crocidolito.  In  these  invfstipi- 
lious  defeels  wliieh  the  elassitii-iilion  and  nomenclature  of  the 
iUM|i!iil">les  piisetit  become  eviden!.  yet  I  was  fortunate  enou.L'h 
li.  rii;d  s.iiiie  faels  which  throw  liyht  on  the  whole  «|ucsti"n.  It 
li;is  lieeixue  cleiif  tliiil  llir  determination  of  even  the  most  common 
an<pliil>"le  must  ijot  I'e  litjiited  merely  to  the  measurcnjcut  of  the 
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Although  my  investigations  have  not  been  conducted  accord- 
ing to  the  plan  mentioned  above,  I  wish  to  present  in  the  fol- 
lowing pages  the  results  obtained  in  the  glaucophane  series.  The 
rich  material  which  I  used  in  these  investigations  has  been  put 
at  my  disposal  by  Professors  J.  Perrin  Smith  (Stanford  Univer- 
sity), Andrew  C.  Lawson  (University  of  California),  and  Charles 
Palache  (Harvard  University),  to  whom  I  wish  in  this  place  to 
express  my  heartiest  thanks.  Espooially  in  frequent  consulta- 
tions with  Professor  J.  P.  Smitli,  who  has  accunuilated  the  rich- 
est and  most  interesting  collection  of  glaucophane  and  lawsonite 
rocks,  much  light  was  thrown  on  the  subject.  Further,  some 
ideas  have  been  generously  suggested  to  us  by  Dr.  A.  C.  Lane, 
who  several  years  ago  made,  but  did  not  publish,  some  observa- 
tions in  this  field. 

I. 

AMPHIBOLES  OF  THE  GLAUCOPHANE  SCHISTS. 

In  the  glaucophane  Schists  and  some  other  rocks  from  Cali- 
fornia which  I  had  the  opportunity  of  investigating  may  be 
distinguished  many  amphiboles  which  show  a  color  and  pleochro- 
ism  in  blue,  violet,  or  green  more  or  less  pronounced.  Two  or 
more  of  these  amphiboles  may  occur  at  once  in  the  same  rock  and 
slide,  and  often  one  single  lamella  has  zones  or  patches  of  two 
or  even  three  amphiboles  quite  different  from  one  another.  Of 
course  the  separation  of  one  type  for  a  detailed  chemical  and 
physical  investigation  is  almost  impossible.  Slight  variations  in 
the  properties  of  the  same  amphibole  are  general  and  obvious 
under  the  microscope;  thus  it  is  very  difticult  to  determine  the 
chemical  composition  of  one  type,  and  if  one  has  an  analysis  of 
an  amphibole  separated  from  a  given  rock,  one  cannot  always  be 
sure  to  what  variety  it  would  best  corrcsj)()nd. 

The  nomenclature  and  classification  which  it  is  sought  to 
establish  here  are  made  on  the  basis  of  the  best  analyses  available, 
together  with  an  exhaustive  determination  of  the  optic  properties 
(under  the  microscope),  and  with  a  careful  study  of  the  litera- 
ture on  the  minerals.  I  have  distinguished :  (gastaldite)  glauco- 
phane, crossite,  crocidolite,  rhodusite,  karinthine  soretite  ( ?),  Ian- 
cite,  actinolite,  etc.    Actinolite,  karinthine,  and  glaucophane  seem 
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to  form,  as  E.  Weiiischeuk"  has  stated,  a  series  from  lime-magnc-  1 
sian  to  Koda-aliiminuus  aiuphiboles :  the  uthers  seem  to  come  i 
some  side  funii^inous  series;  this  is  quite  eertaiu  for  gastaldit*  | 
^glaiiijopha  lu" — c  rossi  te—  rliod  iisi  te — h1  )riacbnuite. 

Now  it  is  generally  ndmitt«^  that  Miit»  amphiboles  or  iimphtlv  I 
olc«  with  blue  pleochroism  contain  more  or  less  alkali  (soda)  in  | 
their  constitution ;  this  is  always  the  case  with  the  amphibolee  | 
from  glHtieophtine  rocks. 

Furttier,  many  petrologists  have  observed  that  some  Krwn 
amphiboles  become  bluiith  at  the  periphery,  and  also  undergo 
some  ehanpp-s  in  their  birefringcDce.  Dr.  A,  C.  Lane  attributed 
this  phenomenon  to  the  increase  of  the  soda  content,  and  has 
given  an  empirical  formnla  which  connects  the  birefringence  with 
the  soda  content  of  the  mineral.  It  seems  to  me  that  this  for- 
miila  is  not  applicable  in  general,  especially  not  in  thv-  glaueo- 
phane  aeries.  The  chemical  coualitnent  with  the  most  inflnence 
on  the  physical  properties  seems  to  be  FCjO,  {viz.,  Fe,Si,0,). 
and  that  not  only  in  the  glaucophane  series,  but  in  general  in  the 
am  phi  bole  family. 

Wc  know  that  the  optic  oripntation,  the  optic  constants,  and 
the  pleoehroism  vary  very  much  in  the  alkali  amphibole  group 
from  one  member  to  another;  but  we  can  state  that  the  pleoehro- 
ism lilways  varies  on  (.'  to  blue,  im  h  (axis  of  symmetry)  to  grecu, 
on  a  to  yellow,  whiitever  the  orientation  of  the  ellipsoid  of  elas- 
ticity may  he. 

Further,  the  size  of  the  angle  of  the  optic  axes,  the  position  of 
the  axial  plane,  and  even  the  angle  of  extinction,  up  to  a  certain 
point,  are  in  relation  with  the  amount  of  FcjOj. 

.\.      GL.M-airilANE — CROHSITE — RHODL'SITK. 

(iasliil<Iili-~(lla\icophaiir.—TlwrQ  is  a  ver^-  extensive  litern- 
lure  abiiut  glaucophane,  so  that  its  identification  is  in  general 
not  diflieult.  It  is  well  known,  however,  what  a  variation  glau- 
cojihani'  shows  both  in  its  optical  properties  (extinction  angle, 
picoi-liroisiii,  birefringence,  optic  augle,  etc),  and  in  its  chemical 
i'..ii!Sliliilion. 

*  E.   Wfiiisclicnk.     Die  gesteinabildenile    Mmeralien    1901.      Amphibol- 
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As  regards  the  chemical  composition,  the  ideas  of  G.  Tscher- 
mak  are  generally  admitted,  namely:  isomorphic  mixtures  of 
Na2Al2Si40i2,  (Na2Fe2Si40i2),  and  (MgFe)Si03.  A  recalcula- 
tion of  all  the  analyses*  of  glaucophane  and  related  minerals 
(Table  I)  shows  that  Al  and  Na  do  not  behave  as  if  they  were 
in  a  single  formula  of  a  double  metasilicate.  In  the  gastaldite 
of  Striiver,  in  the  glaucophane  of  Yoshida,  etc.,  AI0O3  enters 
with  the  coefficient  21,  Xa.O  with  only  10.  If  Al  and  Na  are  in 
one  single  formula,  their  coefficient  nuist  be  equal,  which  in  gen- 
eral is  the  case  with  the  other  glaucophane  analyses.  We  find 
again  the  independence  of  Na^SiO^  from  AUSiaOj,  in  the  abriach- 
anite,  crocidolite  in  the  riebeckite  series,  etc. 

In  the  same  way  the  consideration  of  FeO,  MgO,  CaO,  forces 
us  to  admit  the  direct  and  independent  mixture  of  single  for- 
mulae FeSiOg,  MgSiOg,  CaSiOg,  as  well  as  HaSiO^,  the  importance 
of  which  Berwerth  and  others  emphasized  years  ago. 

Further,  Table  I  shows  that  Striiver  has  defended  with  good 
reason  the  view  that  gastaldite  (I)  is  different  from  glaucophane, 
although  the  optic  properties  are  almost  the  same.  It  is  easy  to 
see  that  the  constitution  of 

f  NajSiO,  r  Na^SiO 


I  FeSiOa  I  FeSiOa 

Gastaldite  is  ^   2Al2Si30»;  and  Glaucophane  is     (  2(MgCa)Si03 

(MgCa)SiO, 
H,SiO, 


Al..SiO. 
±H2Si03 

Mg:   Ca=:5:2  Mg:Ca=:6:l 

or  (R%),  R'S  (Al,),  (SiO,),o  or  (R',),   (R").a  Al,(SiO0« 

where  R'=:Na  +  H  and  R"=:Fe  +  Mg(  +  Ca) 

Gastaldites  or  glaucophanes  containing  Al  only  are  very  rare; 
they  have  faintly  or  moderately  intense  colors  and  absorption, 
small  angle  of  extinction  (0°-6°),  large  (40°-60°)  angle  of  the 
optic  axes,  with  negative  acute  bisectrix. 

In  general  some  Fe  replaces  the  Al  and,  as  we  shall  see  far- 
ther on,  the  properties  vary  much  and  the  varieties  have  been 
given  names,  as  crossite,  rhodusite,  abriachanite,  etc.J- 

•  In  table  I,  are  represented  the  analyses  by  the  molecular  proportions 
of  the  constituent  oxides,  obtained  from  the  percentages  divided  by  the 
respective  molecular  weights  of  the  oxides. 

t  The  alkali  amphibole  studied  by  A.  Johnson  (Neues  Jahrbuch  1901, 
II.  p.  117)  is  related  more  nearly  to  gastaldite  than  to  glaucophane,  as 
Johnsen  emphasizes  (see  XXI  Table  I).  It  is  a  lime  free  gastaldite  with 
Al:Fe  =  4:3,  Fe:Mn  =  2:l,  and  poor  in  alkali,  a  member  intermediate 
between  riebeckite  and  gastaldite. 
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In  the  Californian  rouks  1  have  iiiel  with  many  glauoophane- 
likp  nmpliibolL'fl  very  faintly  colored,  with  Bniall  angle  of  extinc- 
tion and  variabk-  oxinl  anifk',  but  as  we  have  no  analyses  of  them 
I  (In  not  know  if  they  may  be  identified  with  ifsstaMiti-.  In  fart,  . 
there  was  no  difFerencP  from  the  gasta]dit(>  of  St.  Manuel,  etc. 
(alidcB  in  colleirtion  of  Dr.  Palache),  wbieh  I  have  investigated. 

v\s  type  of  the  plaucophnnea  for  the  Cnlifomian  rocks.  I  con- 
sider the  bhie  hornbk-ndc  from  North  Berkeley  (XI)  described 
and  analyzed  by  W.  C,  Blasdale.*  I  had  the  opportunity  of 
seeing  the  ori|rinal  spwimens,  and  of  verifyiuy  and  completing 
the  optical  determination  of  Elasdale.  Pleochroism  brillant:  C 
==  aznre  bine,  ll  ^  violet  to  purple,  ft  ^yellowish  to  eolorlesa; 
C  ^  6  >  a.  Angle  of  extinction  on  elinopinacoid,  t:e=^-5°; 
on  cleavage  lamellae  about  -^i"  (in  the  most  deeply  colored  even 
moru) ;  birefringence  as  intual;  2  V  not  very  tary;e.  The  first 
bisedrix  (negative)  is  almost  perpendicular  to  the  orthopinaeoid. 

Blaxdale  lias,  howitver,  ahalyzed  another  glaueophant'  (Xll) 
whi(^h  is  in  some  respects  different  from  others.  It  is  a  very  dark 
blue-violet  glaucophane,  which  occurs  in  large  prisms  appareiiUy 
homofr*ncouB  and  pure,  hut  showing  under  the  microscope  many 
patches  of  green  amphibole  (actinolite  or  karinthine)  just  as  in 
cnissite  described  by  I'alache.  Sp.  prr.  .3.119-3.116.  Pleochro- 
ism: C  =  dark  I-i'iissian  blue,  D  =  intense  violet.  B  =yeUowisli: 
C  "■  !l>  a.  Aiigleof  extiiielioii  on  clinopinacoid,  -8°,  on  cleiiv- 
fitru  hniiellHe,  -11°  but  variable  with  the  intensity  of  the  color: 
ill  siiiiie  t'iiiiitly  eolored  specimens  only  -9°,  in  others  very  in- 
tensely eoloied  up  to  -1:1°,  It  extinguishes  in  the  same  direftion 
iis  till'  f.'feen  niiiphilHile,  whieh  lias  an  angle  of  extinction  of  -1:*". 
Kiivfriiiireitce:  y  — a^O.OlH.  somewhat  smaller,  y  —  0.  how- 
ever,  vci'v  siiijill ;  2  V  very  small,  some  lamellae  being  uniarial 
iiiiKitiv.  The  axial  plane  is  parallel  to  the  plane  of  symmetry, 
llie  fiixl  i  iiepitive )  bisei'lrix  beinfr  almost  perpendienlar  to  ( lOlli. 

The  analysis  indieates.  as  eonipared  with  the  f(U-iner.  a  d^- 
(■reuse  in  .\1_,(>;.  and  soiiie  inereasi>  in  Fe.O,.  The  increase  of 
\'a,n  eiiii.|iejisales  for  the  decrease  of  MgO  and  CaO. 

lilaurnphiim's  with  very  small  optic  anodes,  or  sojiietimes  evfii 

■  \V.  C.    Hla»l:ilr>.      rdiitriluilimi  Id  lliP  Mineralogy  i)f  CiilifoniLa.     Bull. 
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uniaxial,  occur  frequently  in  the  glaucophane  schists  of  Califor- 
nia, and  some  are  faintly  colored.  Unfortunately  there  are  no 
analyses  of  these  varieties  to  show  us  precisely  in  what  the  chem- 
ical variation  may  consist.  We  can  discuss  the  question  from 
the  chemical  point  of  view  better  after  the  consideration  of  the 
next  minerals. 

The  constitution  of  the  uniaxial  ^laucophane  is  that  of  a  ^lau- 

cophane  with  A I  :Fe  =  3:1,  viz. : 

f  Xa^SiOa 
I  FeSiOa 
-i  2MgSiO,  Mg:Ca  =  6:l  Al:Fe  =  3:l 

I   (Fe"'Al),Si,Oo 
I  H,SiO, 

Crossitc. — Charles  Pal»che  jyrave  the  name  of  crossite  to  a 
blue  amphibole-like  <rlaucophane,  which  occurs  in  an  albite  schist 
in  the  hills  near  Berkeley.*  The  chief  property  of  crossite,  which 
on  the  original  section  I  have  determined  independently  of'  for- 
mer observations,  had  been  remarked  already  some  ten  years  ago 
by  Dr.  A.  C.  Lane,  but  has  never  been  published.  In  the  last 
edition  (IV)  of  Mikroskopische  Physiographic  I,  Bd.  II,  Halfte, 
H.  Rosenbusch  gives  almost  the  same  properties  determined  on 
specimens  presented  by  Palache.  My  determinations  were  made 
on  the  original  sections  just  at  the  time  of  the  publication  of  that 
book  and  were  communicated  to  Professor  Rosenbusch  in  a  let- 
ter.t  Later  I  had  the  opportunity  of  finding  this  interesting 
mineral  in  several  rocks  of  the  Coast  Ranges  of  California,  some- 
times with  characters  even  more  distinct  than  in  the  original 
sections.     (See  the  material  studied.) 

The  properties  of  crossite  are  so  important  for  the  general 
question  of  the  amphiboles  that  I  shall  give  more  details  here. 

The  chief  property  of  crossite  is  that  the  p^<'''^  of  tltc  optic 
axes  is  perpendicular  to  the  plane  of  symmclry,  the  optic  normal 
making  an  angle  of  -lf)°  with  the  vertical  c  axis.  Accordingly 
the  pleochroism,  which  is  identical  in  its  colors  and  crystallo- 
graphic  orientation  with  that  of  glau<H)pliaiie,  is:  a  =  brilliant 
yellow,  b  =  dark  Prussian  })lue,  C  =  dark  violet.  Very  strong 
absorption,  C  =  b>  a,  sometimes  b  >  C,  and  almost  opaque. 

•  C.  Palache.  On  a  new  Soda  Aniphibole,  etc?.  Bull.  Dept.  Geol.  Univ. 
Cal.,  1.  p.  181. 

t  Rosenbusch 's  observation,  loc.  cit.,  p.  246-*24:7;  my  communication,  p.  395. 
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The  color  Bud  sheorptiou  nn  one  liand.  the  stronjr  dispersion 
on  the  other  hand,  make  the  detenu inatioii  nf  the  optic  orienta- 
tion aiid  of  the  color  of  birefrinEence  very  difficult.  The  use  of 
the  trypKum  plute  k  to  be  recommended,  but  at  the  same  time 
the  deterniiiintioti  Khoiild  be  controlled  by  the  mica  plute. 
I'specially  by  the  ehnrarter  of  the  figure  in  couver^'ent  lijiht. 

The  nntfle  of  extinction  is  difificiilt  to  deteniiine  id  white  lighlj] 
biM-aiiNc  of  the  dispersion  of  the  optic  normal,  besides  the  hori- 
zontal dispersion  of  the  bisectrix  (bp:fcu  =  6°).     Palaeh)-  g'v 
a:C  =  134°;  Boseabnsch  gives  6:1  =-20°  (max, -30°).    I  have 
determined  in  different  speeimena  C  :c^ +71°  mas.   74 
l):''  =  -19°   (in   Palache'B  slides,  -16*^),      It   is  certain, 


nta- 

*  of 

iori->^^^| 

:iveft^^^ 


Fij;.   1. — StprcoRrophic  projection  on    (010)   of  the  optical   c 

rciinriiou  glnucophanp  Gl,  uniaxial  glauctipliane  n,  and  cross- 
itp  Cr. 

I'vi'r,  !is  in  s-'laneophane,  that  the  maximum  angle  of  extinction 
mciisiircd  in  tho  slides  does  not  correspond  to  the  angle  on  (010). 
but  to  n  jibnie  near  the  prism  face,  a*  Daly  has  demonstrated. 
Measiireiiicnt.s  on  eleavape  lamellae  gave  15°-20'',  according  to 
the  color  and  the  size  of  the  angle  of  the  optic  axes."  y — a.^= 
O.OUS,  y — fi^  variiible,  very  small.  The  axial  plane  is  aJnicwt 
[iiirjiHel  to  the  liase:  both  pinacoid  sections  show  a  cross  (by  using 
tbi'  uil  iiiinuTsion)  which  by  rotation  of  the  stage  passes  over  iuto 
a  bypcrliiija  with  widely  separated  arms.   The  angle  of  the  optic 

"  \Vf  uf(cn  finil  in  the  lilfratiire  nloucophancs  with  largp  augle  of 
csliiutii..!  {1l)'-i;u^  ill  tiliiiiciipliano  of  Xeir  Calcilonia  and  M.  Vaiioise, 
L'^-L'^  ill  (;l;uii'iiii|i;iiii'  ct  Syra  and  Snaalhal,  anil  even  more),  but  no  i\o 
iinl   kdipiv  riilii'v  till'  I'luTiiii'al  i-ii  in  position  or  tlie  esnet  optic  properties  of 
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axes  is  variable,  in  Palache's  specimens  very  large,  so  that  the  de- 
termination of  the  optic  character  is  not  easy,  but  for  blue  plainly 
negative ;  Rosenbusch  's  specimens  show  2  V  large,  character  neg- 
ative; in  some  other  rocks  (see  the  material  studied)  I  have 
found  crossite  with  quite  small  optic  angle,  character  negative, 
obvious  in  the  orthopinacoidal  sections.  The  sections  perpendic- 
ular to  an  optic  axis  may  be  recognized  by  their  very  intense 
blue- violet  color,  of  course  with  little  or  no  pleochroism;  on  ac- 
count of  the  dispersion  there  is  no  extinction. 

The  dispersion  is  so  strong  that  it  appears  even  in  parallel 

light;  p>v;  bp:c>bv  (almost  6°).  The  hyperbola?  which  ap- 
pear in  convergent  light  in  the  sections  near  or  perpendicular  to 
an  optic  axis  are  composed  of  several  broad  colored  bands,  red 
and  blue  very  distinct. 

A  glaucophane  with  transverse  axial  plane  (like  crossite)  has 
been  described  by  Michel  Le\^'*  in  a  schist  of  Versoix  (Geneve). 
The  pleochroism  is  like  crossite,  in  blue  and  violet,  but  the  angle 
of  extinction  only  3° ;  the  first,  negative  bisectrix  almost  perpen- 
dicular to  (100) .     y— a  =  0.021 ;  y—p  =  0.003  ;  2V  =  35°  -40°  ; 

optic  character  negative. 

Another  amphibole  with  the  properties  of  crossite,  except  the 
strong  absorption,  has  been  described  by  F.  Beckef  in  a  green 
schist  from  Lammerbiichl  (Duxer  Thai).  I  have  seen  this  min- 
eral, and  can  state  that  only  the  intensity  of  the  colors  is  differ- 
ent. Pleochroism:  C  =  dark  blue  to  violet,  b  =^  dark  greenish 
blue,  a  =  yellowish  green.  b  =  C;  b:C  =  -18°ca.;  b/t>:c<bv: 
c;2V  =  90°.  y — a  =  O.Olca.  The  dispersion  of  the  optic 
axes  p<v.  All  these  properties  are  exactly  the  same  as  I  have 
determined  for  the  crossite  from  the  Coast  Ranges  of  California. 
Further,  the  origin  and  occurrence  of  Becke's  crossite  is  the 

same  as  that  from  California. 

The  analysis  of  Falache's  crossite,  made  by  W.  8.  Tangier 
Smith,  shows  in  comparison  with  Blasdale's  analyses  and  those 
by  Washington,  etc.,  of  the  glaucophane  from  Syra,  Zermatt,  etc., 

•  In  Barrois'  paper,  Mem.  sur  les  Schistcs  met.  de  1  'ile  de  Groix.  Ann. 
Soc.  Geol.  du  Nord,  Lille,  1883,  11.,  p.  50. 

t  F.  Becke.  ttber  cine  merkwUrdige  Hornblende.  Tscherm.  M.  und 
P.  Mittheil,  21  p.  247,  and  Rosenbusch 's  Mikroskopische  Physiographie  1. 
II.  A,  p.  247. 
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only  thitt  tiifference  (eicept  water)  that  Al:Pe  =  3:4.    The  con- 
Btitntion  ia  that  of  a  gloucophanf.' : 

/■  N»-8iO, 

)  yoSiO,  M|[:r*  =  8:I 

1  SMgSiO,  Al:Fo  =  3:4 

t  (AlFo),8i.O. 

as  P.  Groth"  liax  stated ;  hut  bewiiise  of  tiie  oharactei-istic  prop- 
ertiat  and  eheinical  eoBHtitutiou,  I  propose  to  retain  the  nam*  ] 
crossile  for  aueh  iclaucophiinvfi  with  transverse  axial  plane.  T.  j 
add  here  that  this  little  variation  in  the  eheniieal  compositiim  I 
(Pe  V'  Al)  haK  a  preHt  inlliience  on  the  cohesion,  so  that  erossits  \ 
gives  etch-figures  quite  different  from  those  of  glaueophane. 

Dr.  A.  C.  Lane  has  remarked  (in  a  letter  to  Dr.  Palache,  Ho-  I 
vember  27,  1895),  and  I  can  confirm  the  observation,  that  crossite.] 
is  not  idfntieal  with  Cross's  amphibole.T  {.'ross  has  identiOed,  1 
U'ith  good  reason,  the  blue  amphibolc  of  Silver  Cliff  with  La- 1 
eniix's  t-mcidolite.t  1  wa.s  not  fortunate  enough  to  find  sehiatvj 
with  croeidoUte,  such  aa  have  been  described  by  Laei-ois,  S.  Pran") 
ehi.g  C.  Smith.ll  etc.  Professor  Lontlerbaek  has  show-n  me,  how.  J 
ever,  a  quartzite  with  crocidolite  (T)  (from  the  Coast  Ranges)! 
which  is  very  similar  to  the  description  of  Lacroix.  I  may  add^ ' 
however,  that  among  the  cmeidolite-likc  minerals  there  are  sev- 
eral kinds  of  amphiboles. 

liliodiisil':     (Ahi-iiuh'ni>li).~ Almost    all    niiiicraloi-ists    have 
corisiili'ivd  Fdullim's  rhculusite"  iis  Iwinfr  rebitcd  to  irhiuwiiiliaiie. 


FoiilJoii  liitiJNclf  tk-si-rilie; 
phane.  Awordini;  to  the 
■■As!.t-st-jn-tii;ri-"  scliisls  . 
i'riics  t;ivvn.  iirui  iwpwiiili 
is  a  tnemher  oi  ihi-  ^'lau<- 


and  L- 


lolil 


s  jiu  asliestos  variety  of  filaui'o- 
■reiiee  (in  a  "hrei-cia"  and  in  tlk- 
■eiiii-  flys.-hi  form  and  fi'W  iu'0[i- 
'ordin^'  to  the  analyses,  rhodusili- 
le  -.M-oup  of  nnipliilH.les  related  t.i 
iihiLsch  has  emphasized  in  his  mw 
iix  .i':n.ri\i  Jpiirs  .'oniposLtLi.n  .■hLiiiiiiiii\ 
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book.  One  can  see  (in  Table  I)  that  rhodusite  is  the  Fe-end 
member  of  the  glaucophane  series.  Its  constitution  is  that  of  a 
glaucophane  where  Al  is  replaced  by  Fe : 

r  Na^SiO, 

Fe"SiO, 
-    2MgSi03  (very  little  Ca.) 

FeSi,0, 
.  H,,Si03 

It  is  a  pity  that,  except  pleochroism  like  that  of  glaucophane 
and  an  uncertain  anjorle  of  extinction  (4°?),  we  possess  no  other 
properties  of  this  interesting  end  member  of  the  glaucophane 
series. 

We  find  in  the  literature  (llintze  p.  1267,  Dana  p.  401)  an- 
other mineral,  which  in  its  occurrence,  form,  and  chemical  com- 
position is  quite  similar  to  rhodusite,  viz. :  Heddle's  abriachanite, 
a  blue  fibrous  substance  found  in  the  clefts  of  the  Old  Red  con- 
glomerates, underlying  schists,  granite,  etc.,  from  Abriachan 
(Scotland),  etc.  Dana  and  others  have  considered  abriachanite 
as  related  to  crocidolite,  but  that  is  not  the  case.  Abriachanite, 
like  rhodusite,  is  an  iron  amphibole  very  poor  in  lime,  rich  in 
magnesia  (like  glaucophane),  while  crocidolite  is  an  iron  am- 
phibole very  poor  in  lime  and  also  in  magnesia  (like  riebeckite, 
as  Lacroix  has  stated). 

One  analysis  of  abriachanite  (XV)  poor  in  soda  (Hintze  p. 
1268)  seems  to  represent  the  Fe'" —  glaucophane  corresponding 
to  the  gastaldite  formula.  But,  as  we  have  no  other  details  about 
the  properties  of  abriachanite  regarding  its  similarity  with  rho- 
dusite, and  as  rhodusite  is  better  known,  I  propose  to  identify 
abriachanite  with  rhodusite,  and  to  retain  the  name  rhodusite  for 
the  end  member  (rich  in  Fe)  of  the  glaucophane  series. 

Crocidolite  {?). — I  had  the  opportunity  of  studying  some 
blue  amphiboles  like  crocidolite,  in  some  syenites  which  show  ex- 
actly the  same  mineralogical  composition  and  phenomena  as  have 
been  described  by  Chestner,  W.  Cross,  A.  C.  Lane,  and  others,  in 
many  such  rocks.  The  occurrence,  the  form,  and  the  rather  ob- 
scure properties  make  the  determination  of  these  minerals  very 
difficult  and  their  identification  with  other  minerals  (crocidolite, 
rhodusite,  etc.)  almost  impossible.  As  the  properties  of  crocido- 
lite are  insufficiently  known   (pleochroism  and  absorption  like 


Univ^raty  of  Califomia  PubUcMiotu. 

rielxfckiU'  Hud  cro«witCThodaBit#,  8:r=  in^-Sl",  optic  oharaot^r 
Iimitive).  an  ideintiflcntion  of  the  minora!  withont  anBl^rsis 
valudfss. 

The  ponstitution  of  crocidoiite  is: 


8{P«Mk)610, 


';Hg^4:I  Biiuimum. 


1 


i.e.,  the  fnrmiilu  of  a  rhoduKit«  where  almost  all  "Mg  is  replaced 
hy  Fb";  Moept  for  water,  it  is  the  identical  constitution  of  th« 
riclK'ckitca  of  Colorudo  and  of  Cape  Ann,  Massachusetts. 

Tbf  blue  nxlicKtrct'likf  imiphibole  in  the  syenite  of  Spanixh 
Peak,  PliiuiaK  County,  California,  is  identical  (optically)   with  . 
the  bine  aniphibole  from  Kosita  Hill  described  by  Cross,     Pleo-f 
ebroism:    fl  ^  Prussian   bliip,    b  =  lighter   blue,    C  =  green isW 
blue.     Absorption  very  strong:   a>b>C:    the   colors  are 
intonKC.     An^le  of  extinction   (in  the  opposite  side  of  that  of 
katophorit^)  B:c=  +21"  (r:c  =  -f>'J°).     The  axial  plane  xeeuis 
to  be  longitudinal;  ou  account  of  th<^  absorption  and  dispersioa  -I 
(p<v)   one  cannot  determine  the  optic  character,     y — 0  very>B 
small,  almost  zero;  ^ — «  =  0,004  ea. 

It  is  verj-  important  to  note  that  some  sections  from  this  sye- 
nite and  some  from  Rosita  Hill  (a  section  in  the  collection  of  Dr. 
raldchc)  show  such  orieiitiilioii  on  lOOl)  mid  (010)  that  we  can 
siippiisc  Ibe  Ji-Nial  pbnie  to  be  pci-pciidiciilar  to  the  plane  of  syni- 
nii-try:  a-.r.  t  =  h.  Tills  fa.-t  iiidii.'atfs  that  .-rocidolite  niider 
L'Hi's  Ibf  siiTin'  Viir-iatiiiri  in  its  prupi'i-tii'.s  as  claiicopbanc.  and  in 
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ii'.l  (lie  I'liii'f  piiinrs  iif  Ihis  pa|*r  with  Pfifpssiir 
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I   Rositn   Kill   nnd   Simnieli   Peak,   witb   trunsvcrse 
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These  amphiboles  are  optically  related  to  crocidolite ;  the  cro- 
cidolite  is  related,  optically  and  ehemieally,  to  arfvedsonite  and 
riebeekite  on  ooe  side,  to  rhodusite,  and  to  glaueophane  on  the 
other  side. 

Another  similar  blue  fibrous  aniphibole  in  the  quartz  from 
Oak  Bidge,  California,  is  very  probably  crossite;  the  optical 
orientation  (tl:c  =  -17°}  and  pleocliroisni  are  identical  with 
crossite. 


Relation  between  optical  properties  and  chemical  composition 
in  the  glaueophane  series. — Comparing  the  analyses  of  the  am- 
phiboles from  the  plaucophane  series  (Table  I) ,  we  see  that  Na^O, 
FeO,  and  JIgO  undergo  little  or  no  variation,  while  AljO„  and 
Fe,Oj  show  variation  in  opposite  directions. 

(a).  The  intensity  of  color  and  pleoehroism  (absorption)  are 
not  due  only  to  the  amount  of  Xa.O  (or  NajSiO,),  because  the 
giaueophanes  of  Zerniatt,  Syra.  San  Pablo,  etc..  are  very  differ- 
ent in  their  absorption,  and  still  have  almost  the  same  amount  of 
NajO.  Very  probably  the  Xa.SiO;,  delermines  the  shade  of  the 
color,  but  not  the  intensity. 

A.  Lacroix*  has  emphasized  the  fact  that  the  ulaucophaues 
rich  in  iron  have  more  intense  colors-.  Urogjrcrl  states  too  that 
amphiboles  rich  in  iron  (but  without  Ti)  are  blue.  The  accom- 
panying analyses  verify  these  statements  in  respect  to  FegOj. 
The  amount  of  FeO,  however,  seems  to  have  no  influence  on  the 


a  Gebiet,  I,  37, 
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color  of  absorption,  all  glaucamphiboles  having  almost  equal 
FeO.  Grunerite  (FeSiOa)  and  the  amphiboles  related  to  it  are 
very  faintly  colored,  with  almost  imperceptible  pleochroism,  and 
it  is  known  that  by  heating  glaucophane  Oebbeke*  has  obtained 
a  variation  of  the  pleochroism  on  C  =  reddish  brown,  on  b  and  d 
=  yellowish  green  tp  colorless,  explained  as  due  to  the  oxidation 
of  FeO  to  FCoOa.  Inspection  of  the  analyses  shows  clearly  the 
influence  of  FcoOg  on  the  absorption  of  these  minerals;  gastal- 
dite  and  glaucophane  very  faintly  colored,  glaucophane  uniaxial, 
in  general  strongly  colored,  crossite  and  rhodusite  very  intensely 
colored  and  with  strong  absorption.  I  may  further  add  that  the 
other  series  of  blue  amphiboles  with  extremely  strong  absorption, 
osannite,  arfvedsonite,  riebeckite,  crocidolite,  etc.,  are  the  am- 
phiboles richest  in  Fe.Oa;  then  philipstadite  and  others  (with 
only  1  or  2  per  cent.  Na.O  but  rich  in  Fe^Og)  show  a  strong  ab- 
sorption and  pleochroism  in  blue. 

(6).  Lacroix  has  stated  also  that  the  angle  of  extinction  is 
smaller  in  the  normal  glaucophanes  than  in  those  passing  over 
into  common  hornblende  or  actinolite.  Many  of  our  slides  which 
show  glaucophanes  and  karinthine  or  actinolite  as  forming  one 
single  prism  verify  this  suggestion. 

Further,  I  have  remarked  in  the  glaucophane  series  that  with 
the  increase  of  intensity  of  color,  an  increase  in  the  value  of  the 
angle  of  extinction  occurs,  tie  (glaucophane)  or  b:r  (crossite). 
A  comparison  of  the  whole  group  of  Al  Fe"'  amphiboles  has  con- 
vinced me  that  in  general  the  size  of  the  angle  of  extinction  t:c 
(or  b:c)  is  related  neither  to  the  amount  of  AI2O3  (as  Wiik  has 
emphasized),  nor  to  the  amcmnt  of  Fe.Og,  but  to  the  proportion 
of  their  molecular  coefficients  of  combination  in  the  amphibole 
const itution.t  In  this  wny  we  can  explain  why  the  different 
members  of  the  glaucophanes.  ricbeckites,  barkevikites,  connnon 
hornblendes  (soretite,  karinthine,  etc.),  and  basaltic  hornblendes 
are  minerals  in  general  of  constant  formula,  but  are  very  diff'er- 
ent  in  their  optic  orientation:  (jj.,  in  the  glaucophane  series: 

♦Oebbeke,  Zeits,  fiir  Kryst,  1S87,  12,  28(5. 

tBrogffer  was  the  first  to  state  that  the  angle  C:r  increases  with  the 
amount  of  iron  and  alkali.  Blasdale  says,  loc.  cit.,  iu  respect  to  glauco- 
phane ''there  is  perhaps  a  connection  between  the  position  of  the  acute 
bisectrix  and  the  relative  amount  of  ferric  and  aluminum  oxide. ' ' 
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So  far  as  I  kimw.  only  some  arfvedsonites  and  common  horn- 
blendes (karinthine,  pargaaite,  etc.)  seem  not  to  follow  this  rule, 
but  th^rc  ia  an  explenatino  for  this,  ae  the  corresponding  series 
is  ni>t  well  known.  Ver>-  pnihably  a  larpe  quantity  of  FeO  to- 
trether  with  Fe^O,,  affects  the  increase  of  the  anple  of  extinction 
in  ;:n;itiT  iiicasiirc  than  Fe.O.  only;  (,;/..  in  tlu'  Ciisc  ()f  cnicido- 
V\U:  Mifv.-ilsunitc.  Hclicckite,  a.-. 

(-1.  An  int.Tfslinjr.  jHThaps  the  most  obvious,  inflncnci'  of 
thi-  nnimint  of  Fc,0.,  on  thf  oj.tic  inMiierlies  is  the  variatiim  of 
llir  l)iivtViii-..n<v.  y—fi.  I>r.  A.  C.  Liuu'.  as  w,-ll  as  many  otlitT 
prlnilo;;is1s,  has  n'rnarkcd  that  the  green  aniphlboles  in  sonu' 
alkali  cocks  bci-onii'  bluish  at  the  i)eriphery,  and  the  birefriniieikv 
decreases.  lie  explains  this  as  an  intliience  of  the  feldspars  nn 
thi'  aiiipliiholcs.  and  lias  jjivcn  an  empirical  formnla  which  i-iui- 
ji.'cls  llic  aiLininil  of  Na  with  the  birefringence  ring: 
00 
N:l  =  —  (0.01:;- li), 

uh,.iv  Nil  =  soda  cuiilent  <>i  the  amphihole.  and  b^thc  bire- 

t'liiiL'cih'i'  of  tilt*  (jrlhojiinaeuid  section  which  is  to  he  taken  pasi- 

tivf  or  iKtrative  aci-ording  as  the  vertical  axis  is  C  or  B  (resp.  b) 

Taijlc  I  shows  us  that  this  formula  is  not  general,  because  the 


Vol.  4]        Murgoci, — Classification  of  tJie  Amphiboles. 


375 


glaucophane  from  Zermatt,  etc.,  and  the  uniaxial  glaucophane 
from  San  Pablo,  have  almost  equal  NaoO,  but  are  very  different 
in  their  y  —  p.  Nevertheless,  the  ideas  of  Lane  served  as  a  start- 
ing point  for  the  following  discussion. 

The  statement  of  Tschermak  (Min.  Mith.,  1871,  38,  40),  that 
with  the  increase  of  Fe  in  the  aluminous  amphiboles  the  optic 

angle  increases  around  C  and  de(*reases  around  d  (usually  the 
first  bisectrix),  is  well  known.  If  we  consider  the  Fe'"  (better 
FegSiaOg),  this  statement  is  quite  true,  not  only  in  the  glauco- 
phane series  but  in  general  in  the  FeAl  amphiboles  with  meta- 
silicate  formula.  Of  course,  when  2  V  becomes  smaller  around 
a  negative  bisectrix,  y  —  p  also  becomes  smaller,  and  finally  at- 
tains the  value  zero  when  the  amphibole  becomes  uniaxial.  But 
the  rule  is  still  more  general ;  the  variation  of  y  and  p  can  pro- 
ceed in  such  a  manner  that  y  —  P  passing  through  zero  then  be- 
comes negative,  i.e.,  p  takes  the  place  of  the  former  y,  and  vice 
versa.  In  this  case  we  have  an  amphibole  with  transverse  axial 
plane,  and  have  established  a  continuous  variation  from  the  com- 
mon amphibole  with  parallel  axial  plane,  through  the  uniaxial 
amphibole  to  the  amphibole  with  transverse  axial  plane. 


I 

c 


»•  t  c. 

Fig.  4. — Ellipsoid  of  elasticity,   section   jiarallel   to  c     and   b  ,   of  glauco- 
phane, a,  uniaxial  glaucopliano,  b,  and  crossite,  c. 

We  have  seen  this  whole  series  with  all  possible  intermediate 
members  in  the  glauco])hane  ^n-onp,  and  it  is  easy  to  see  that  it 
is  a  function  of  Fe.Si.jOc,.  The  more  Fe.SiO^  replaces  Al.SiO,^, 
the  more  the  axial  angle  and  y  —  p  decrease :  for  Fe'"  :  Al  =  1 :3 
corresponds  to  the  uniaxial  glaucophane  (y  =  ^),  while  for  Fe: 
Al  =  6 :5  we  meet  with  a  crossite  with  transverse  axial  plane  and 
2  V  almost  90°.  Perhaps  rhodusite,  which  is  the  Fe'"  glauco- 
phane, is  a  crossite  of  positive  optic  character,  or  even  a  uniaxial 
positive  glaucophane,  with  the  optic  axis  perpendicular  to  the 
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gUy  of  Valifoi-nia  VubUratin 


\U%m£t 


plane  of  Bymiiiptrj'.    The  whole  phvninrieiioD  can  be  clearly  i 
cnteil  in  a  diagram:    In  a  Bysleiii  of  wxirdinates,  let  the  ordinate 
n-iir(«i'nt  the  indici!^  of  refrnction,  and  the  abscissae  n 
the  uiiiDiitit  of  Ft^jOj  caiisinf;  the  variation  of  the  former.    Ao-i 
oordiiigly  we  have  Fig.  5.  which  shuw!4  that  we  can  have  the  fol-  | 
lowing  glaiieamphiboles : 


m 

, 

V 

H 

fr 

i             Ml, 

i 

) 

f         HA 

Fig.  ."j.^DUgrom  sbowinfi  Ihe  variatinn  of  -y — p  nnil  7  —  0  with  tie  raWo 

rlimbiHltr.  ■ 


\Vf  sbiill  SI'.'  fiiftlk-i'  iin  tbiit  just  the  tnuw  nptic  viiriMtiitri 
l:il.i's  [iI:h'i>  ill  llii'  kiirijithiiie  series  jiiid  in  the  riebeckite  (rnn'iil- 
olili'i  siiii's.  As  n^Miirds  kjtrinthint',  wi*  shjill  disnis-s  it  lat.T  on. 
I)iil   wr  iii.iy  ibvcll  nii  ,Tni-id"lit('  iiiul  riebeckite  a  JittK-  in  lliis 


I  do  not  know  Ibe  cnnstitution  of  {-i-osss  frocidolite.  an,!  still 
1,'ss  thill    of  till'  <T<).'i<lolili-  with  triinsvi'rsal  axiiil   pbiii,'.  i.iit   I 
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believe  Hint  they  must  (x>  vorj-  rich  in  Fe,0,.     As  a  rale,  all  ' 
analyses  of  <!rocidolit^  ulinw  a  large  amount  of  FcjO,  (16  to  20 
piT  I'cnt.) ;  unfortunately  we  lack  optical  determinations  of  these, 
and  no  aiialysiti  has  been  made  of  LacroisB  positive  erocidoUtoJ 
(axial  plane  parallel  to  I'OJO)).    Fortunately  the  question  in  thfrV 
riebeckite   series  is   quite   clear.     There   are  many   riebeckiteal 
known ;  some  poor  in  FejO^  but  very  rich  in  FeO,  the  end  mem- 
ber being  arfvedjsonitw ;  some  othera  verj'  rich  in  FejO,  but  poor 
in  FeO,  including  in  the  latter  oaanuite.  the  new  amphibole  ot 
Ulawatscb.     (See  the  analyses  in  Table  II.} 

The  variation  within  wide  limits  of  tlie  optic  constants  ofJ 
those  arfvedsonite;*  wliii-h  have  been  studied,  sa  well  as  of  HtBM 
riebeckiles.  is  well  known;  nevertheless  we  see  a  great  difference  I 
in  their  chemical  conatitntion.  We  can.  however,  in  general  atstcJ 
that  the  analyses  of  some  arfveds<inite8  lof  San  Fie*lro  111,  HaoM 
Migui'l  XI,  riochenkrijcheu  XIV),  and  of  some  riebeckitea  (Colo>4 
rado,  Cape  Ann)  give  a  formula  of  the  tj-pe  of  glsucophane  ■ 
(croasitG  or  rhodusite)  where  Mg  is  replaced  almost  entirely  l^ 
Pe  (and  Mn)  and  Ca  by  Naj, 

In  the  hope  of  bringing  some  order  into  this  interesting  group 
of  amphiboles,  I  propose  the  following  classification : 


Siitli  the  liti'mtiirt'  iirid  my  own  observations  shuw  tli<it 
■siiin  of  111!.'  ijptic  Mxi's  iind  bisectrices  stands  in  .'io* 
)  Ihi'  inleiisity  of  Xhv  \<hn-  color  jind  to  the  intonsily  of 
■till]).  As  the  liiltcr  an-  n  function  of  FejSi.O,,.  its  liiis 
'd  ;iIhivi'.  llic  dispcr.si<in  most  also  be  a  function  of  Ff. 
bilirvc  tliiit  till'  above  is  sufficient  to  demonsti'iiti'  \hr 
.if  K.'Sj  (),,  an  tlic  iiptic  pro|>erties  in  ^'eneml  in  the 
iliibnl.-s  of  HK-tasiiicate  type. 

■  '  ■  of  Vi.  C.  Hlanatch. 
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KAiWNTHESrE  AMPHIBOLES ;  COMMON  HORNBLENDES. 

Karinthin^,  pargasite. — Karinthine  is  the  name  given  by  Wer- 
ner to  the  dark  hornblende  from  the  eclogites  of  Sanalpe  in 
Karnten  or  Carinthia  (Hintze,  p.  1201).  Many  mineralogists 
(Tschermak,  Naumann,  Lacroix,  Dana,  Rosenbusch,  and  others 
have  included  this  material  among  the  common  hornblendas.  E. 
Weinschenk,  in  Gestcinsbildendf  Mineralien,  has  brought  it  to 
notice  as  a  member  intermediate  between  the  common  green  horn- 
blende and  blue  glaucophane  or  gastaldite.  I  use  the  name  in 
the  same  sense  for  bluish  green  or  blue-black  amphiboles  which 
under  the  microscope  show  a  bluish  green  color  parallel  to  the 
length  of  the  prism.  I  believe  that  Barrois  was  the  first  to  iden- 
tify this  amphibole  from  the  glaucophane  schists  with  karinthine. 
The  Califomian  bluish  green  karinthine  is  identical  w^ith  the 
Alpine  karinthine  (Val  d'Aosta,  Zermatt,  and  elsewhere)  which 

I  was  able  to  examine  (slides  in  the  possession  of  Dr.  C.  Palache), 
and  with  those  from  Val  Canaria,  Val  Pioia,  Mt.  Taunus,  etc. 
(Rosenbusch).  It  is  certain  that  this  kind  of  hornblende  has 
sometimes  been  described  as  glaucophane,  and  perhaps  the  deter- 
minations of  glaucophane  with  C  =  ultramarine  or  bluish  brown, 

II  =  bluish  green  or  lavender  blue,  and  with  a  large  angle  of 
extinction,  refer  to  karinthine,  which  occurs  in  almost  all  glau- 
cophane schists.  Lacroix*  has  distinguished  bet  wen  these  am- 
phiboles and  glaucophane;  they  are  namely  ''glaucophane  pas- 
sant a  la  hornblende,''  or  members  ''intermediaires  entre  la  glau- 
cophane normale  et  les  amphiboles  depourvues  d'alcalis. ''  Ros- 
enbusch,! who  states  that  between  glaucophane,  or  rather  gastal- 
dite, and  common  hornblende  or  actinolite  there  is  a  series  of 
intermediate  forms,  suggests  that  Weidmarin's  hudsonite  may  be 
such  an  intermediate  form  (see  Table  III).  I  may  add  that  the 
chemical  composition  of  hudsonite  hardly  differs  from  that  of 
hastingsite  and  of  barkevikite,  especially  of  Montana,  Beverley, 
etc.,  which  minerals  together  with  noralite  seem  to  be  both  chemi- 
cally and  optically  members  intermediate  between  common  horn- 
blendite  (soretite)  and  arfvedsonite.J     (See  Tables  II  and  III.) 

*  A.  Lacroix,  Mineralogie  de  la  France,  1903. 

t  H.  Rosenbusch,  Microscopische  Physiographic,  I.  2,  1905,  p.  240. 

i  The  glaucophaoes  (or  glaucophanc-Iike  amphiboles)  described  by 
Szadecky,  Washington,  etc.,  as  occurring  in  many  igneous  rocks  enter  per- 
haps into  the  same  category  of  amphiboles. 
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From  tlif  chemioil  point  of  v'ltvi  wt-  find  kurmthinc  (and  pnr- 
paaite)  an  a  fonii  intermediate  between  gxxlaldile  wn  iJie  on* 
hand,  and  common  hornblende  (edenite  or  f«retite)  on  the  other 
hand.  (Table  III.)  Karinthine  and  pargasitc  are  more  or  Iuh 
similar  in  their  m<-Uillic  (x)n«titu«i)t«,  but  pargiasite  eontains  an 
appreciable  quantity  of  tluorine,  which  replaces  silJitfl  ( 
ecgaal  eoefficlent,  =  10).  Thin  chemical  difference,  together  wi 
the  poKitive  (jptip  chanieter  o£  the  ampliilKtles  of  Parfras,  justi 
iia  in  dixtingiiiNhin^  Wtwi-en  parasite  and  liarinthiiic.  Iltsic 
pargaaite  ia  quite  different  from  karinthine  1>oth  in  its  ^n« 
and  in  its  occurrence,  which  is  another  argument  for  the  identi 
Illation  of  tbe  bliii«h  ainphtbolc  From  the  glaucophanc  schists  with 
karintliine.  Oii  the  Callforniau  karinthino  (  *.)  I  have  uindc  the 
following  determinations:  Pleochroieni :  t  =  greenish  blue  to 
bluiifh  ffrecu,  I)  ^  olivp  green,  a  =  pale  yellow  to  greenish  yel- 
h>w.  Absorption  I'-b  >a.  Angle  of  extinction  variable,  t:c 
=  17-22.  in  obtuse  angle  /3.  The  angle  measured  on  cleavage 
lamellae  ia  hardly  different  from  the  maximum  angle  measured 
in  i*lid*««ndon  (010).  Th«  axial  plane  is  parallel  to  (010).  2E 
very  large,  optic  character  negative.  y^p  =  ca.  0.022.  Small 
dispersion,  p  <  v. 

In  some  schists  from  California  (and  also  in  some  from  the 
_\l|)Sj  I  havi-  Umud  a  dark  given  or  black  honiblcode  with  : 
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•i  almost  Ft'"'  —  free;  philipstadite.  hud- 
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sonite,  and  other  such  amphiboles  contain  some  Fe'"  which  re- 
places Al.  Perhaps  the  darker  varieties  correspond,  as  in  the 
glaucamphiboles,  to  those  richer  in  Fe'".  I  have  found  karin- 
thine-like  amphiboles  in  many  rocks,  generally  alkali  rocks,  other 
than  schists,  an  occurrence  which  is  also  put  on  record  in  the 
literature  of  the  subject.  As  I  possess  no  analyses,  the  identifi- 
cation with  karinthine  or  soretite  is  doubtful. 

In  fact,  if  we  consider  the  analyses  of  par^rasite,  karinthine, 
soretite,  philipstadite,  hudsonite,  hastingsite,  noralite,  etc.,  we 
notice  that  while  alkali,  CaO,  and  the  sum  of  AL>03  and  Fe.O:^ 
remain  almost  constant,  FeO  and  ^IgO  vary  in  opposite  direc- 
tions; karinthine  has  7  FeO  :  43  ]\lp:0,  noralite  40  FeO  :  5  ^Io:0, 
and  the  others  have  intermediate  proportions.  As  far  as  the 
literature  is  known  to  me,  I  do  not  know  of  a  continuous  varia- 
tion in  optical  properties  which  could  be  explained  by  this  vari- 
ation of  chemical  composition,  and  I  may  state  again  that  the 
amount  of  iron  as  FeO  (not  Fe^O^)  has  no  influence  upon  the 
physical  properties  of  the  amphiboles.  This  does  not  hold  for 
FCjOg.  The  sum  of  the  coefficients  of  AL^O.,  and  FCoOg  in  the 
above  named  series  is  almost  constant,  =  14  (the  extremes  being 
12  and  18,  karinthine  and  noralite  being  almost  free  from  Fe'", 
while  the  analyses  of  the  other  members  give  more  or  less  Fe"'  in 
the  proportion  of  %  to  i/^).  I  have  tried  to  prove  above  that  the 
size  of  the  angle  of  extinction  in  this  series  also  is  a  function  of 
this  proportion. 

Further,  in  the  case  of  karinthine  we  have  seen,  and  in  the 
case  of  barkevikite,  philipstadite,*  hudsonite,  hastingsite,  etc., 
the  literature  supports  the  suggestion,  that  the  angle  of  extinc- 
tion is  proportional  to  the  intensity  of  color  and  absorption ;  the 
phenomenon  is  (juite  ch^ar  if  these  amphiboles  show  a  zonary 
structure,  as  frequently  hapi)ens. 

Unfortunately  we  have  not  always  good  and  complete  deter- 
minations of  the  optical  properties  corresponding  to  the  analyzed 
individuals,  and  accordingly  we  cannot,  in  general,  verify  the 
dependence  of  the  angle  of  extinction  and  the  intensity  of  ab- 
sorption on  the  proportion  Feo03 :  AI.O3,  but  the  few  precise 

•  R.  Daly,  On  a  New  Variety  of  HorDblende,  Proc.  American  Academy 
of  Arts  and  Science,  XXXIV.  16,  1899. 
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data    (philipBtadite,   hndsonite,   hastiagsite,   barkerifcite,   eta.J 
whicli  wv  have  seem  to  xhoH-  that  the  nile  is  quite  genera]. 

If  this  >m)j>!!estioD  holds,  then  the  making  of  new  species  in 
type  Imk'aiiw  the  pleochroism  and  angle  of  extinction  differ  more 
or  less,  is  worse  than  unnecessary,  for  we  have  seen  clearly  in  the 
glnuca  nip  hi  boles  that  the  replacing  of  Al,Oj  by  a  small  quantity 
of  Fc.O,  brings  about  a  noticeable  variation  in  these  two  prop- 
erties and  also  in  the  etch-fignres.  There  would  be  an  unlimited 
number  of  species  in  any  series. 

In  order  to  make  the  nomenclature  more  simple  and  Qstni 
I  should  like  to  propose  the  following  classification : 


n 


Al-Oj  ?07t>i 

I->r^1<. 

u-ii   0-:. 

Xirinlbln- 

U-W    0-3 

SoMiv*' 

IB       a 

IUrln<rlklW" 

1»-10    0-1 

13          » 

»'     (MO)    nrritrga    —    S-fO  to  IO-«  lolK 

W°>    (UIBI     m'-M'      -    ?t-ltoM-3talK 
©■^l    (010)        'Urt*       -    S-Jd'K 

r         -   B-»Ki4G-: 

•'Where:  8  =  SjTitapnatite  molecule,  =  (AlFe,)  (CaNa,),  St,Oa,  Os 
granerite  moL, ^ PeBiO,;   K=:ltupferite  iBol.,:=MgSO|. 

"irnder  Mretite  are  to  be  inohided  ths  hornblfnidM  cormpnndiiw  to  Oe 
analTscB  XI,  XTI,  XIII,  XCI,  CXXIII,  CXXly  CXCTtn  CCXL,  eU..  in 
HintEc's  Manual:  further,  philipstadite  {bIso  cSsVI,  CXL^TII.  rXLVI. 
oil-.)  aw\  r-nTrfliirrn''H'>  ulii^'h  is  H  M ii-v<.ntiiim nj;  philipstmlile.  Soe  fr.r 
.l^l:ii(s,  Hiiitzp,  llaiiilliiiili  •Wt  MinpniloKi^.  il. 

'^rtiik'r  1i;irkfvikiTc  r'niiM  l>i'  ini'luilcii  tlic  hornblemips  corres)«iii'!iii^  to 
tlipan!ilvscs|-|.l,.  CCl-ll  (si'c  TiibK-  11.  No.  XI  ami  XII}.  etf..  in  Hintie's 
liimlt.  Alsti  liii.lsi.nitt-  :iii.l  hiisliiitrsitp,  (Tab.  Ill),  althciLi«h  thov  liave  i.-rT 
[■riiiiouiii'p.l  I'li-Mrliriiism  in  lilm":  I  "lav  ri'iiiiirk  that  the  hronn  Iwirkpvitite-i 
iir,-  not  ..iilv  tili.iiitVroiis  l.ui  arp  als..  vorv  [.nor  in  VcO-,. 

"Vi\.\<-T  iii.nilLl.>  (niiiiii)  must  !«■  in.luao.i  also  the  horiililcn.les  .-.^rte- 
si.n,i,iiiif:  tr.  ir.XLVl.  rcLlI.  et.-..  in  Hintxc's  hook.  See  V  nn.\  III  in 
T:ih.   III.) 


Tlmps  t. 
from  all 
,„..,pl,a„ 


kiirinthitu'.  suivtiti'.  or  harkcvikite  corresponds  a 
Minims  to  ferriiiriiious  anipbiboles  parallel  to  that 

rlmdiifiite,  these  known  members  being  the  most 
s  wi-  cJiii  sif  in  the  aecompan.v  table  ifor  dotJiils 
iiiKil,  Kiisciibuseh's,  cti'.'>.  analyses  of  karinthini? 

ill  Fl'"'  iii-e  i|iiitc  iinkuowu.  Very  probably  it  is 
.  i-iitgf-oiy  of  karinlbincs  that  the  green  or  bluish 


V  niri:.rk  that  in  Ihi'  riol)P.-kite  series  Iho  nicnibi-rs  rirh  in  Fe' 
■  "iilv  iinps  kiiMiin;  that  of  .lacobJeiil  analvse,!  bv  L.  M 
.,  No.  VI)  has  :rc  A1..0,  (+ZrO„  etc.) 
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green  auiphiboles.  uniaxial  or  with  transverse  axial  i 
long;  thi'se  ami>liiboU-s  are  described  in  the  literature,  and  I  ' 
fortunate  enough  Ut  find  some  in  the  Pocks  studied. 

If  the  relation  between  Fn.fij  and  optie  properties  exists  a 
in  the  karinthinc  group  (as  I  have  tried  to  prove  above)  aa  in,  I 
the  tiluut-'aniphibuJeK.  then  the  following  amphiboles  with  trans-J 
verse  axial  plane  niuirt  be  very  rich  in  FOjO,. 

haneite  (b.  v.). — An  far  as  I  know.  Dr.  A.  C.  Lan«  waa  thl 
firat  to  make  known  (in  1S95,  in  a  letter  to  Dr.  C.  Palache)  ( 
amphihole  with  transverse  axial  plane  in  a  theralite  from  Miciii'-  | 
^an  1  at  the  itatne  time  he  suggested  that  there  might  be  an  i 
phibole  whieli  was  uniaxial,  or  even  for  a  definite  composition 
inotropic;  he  connented  this  phenomenon  with  the  amount  of  Na. 
Some  hornblendes  with  very  weak  birefringence  (nearly  iso- 
tropic) have  been  described  by  Mileh,*  and  liaatingsite  with 
AlsOs:  PejOa  =  ll:8;  C :  f  ^  25''-30° ;  2E  =  SO"-*.!",  optic 
character  negative.  8  =  yellowish  green;  b  =  C  =  deep  blue- 
green,  by  F.  D.  Adams  and  J.  Harrington. t  Sueh  blue-green 
hornblendes  with  very  small  optical  angle  have  been  often  men- 
tiniiod  us  occurring  in  the  alkali  rockR.  Dr.  C.  Hlawatscht  haa 
described  a  uniaxial  amphibole  as  occurring  in  the  gab bro-dio rite 
fi-om  .lablaniea  (Bosnia)  fl^deep  .vellowisb  brown,  b  ==  t  = 
di'C])  l>]m--t:re.-ii;  C:*-=18°.  12  V  ^  40°-()''  (in  the  blm>  honi- 
lijcritlt'.  in  thu  brown  one  very  large).  He  considers  it  as  inter- 
Liii'diiite  lictw.'.'!!  till'  .-oiiimoii  lioniblcnde  (with  the  axial  plane 
jijirjilli'l  In  (Hd)  iimi  tlio  biiriiblende  with  transverse  axial  piano 
which  he  liitiisi'lf  biis  foiini!  in  the  eleolite  syenite  porphyry  from 
Vi.™-iia  Thai  (Pmliiz/o):  a  =  liKht  yellow,  b  =  dark  bliu- 
jrnH'ii,  C=.lai-k  l.n.w-ii-gm-n.  b:'' =  :i:.°:  2  V  =  4.->^  opii.- rbm- 


It 


\\i,-w  bonibb'ii.U's.  as  well  as  the  followinir. 
r/A'<\:  very  pr<)bjih]y  tbey  belong  to  the  snro- 
ype.  and  are  very  rich  in  Fe.^0^.  Optically, 
■r  il™  Tuiiiiiis.  Zi'itsclir.  li.  I».  l.iool.  tu-s.'lU,-li..  XLT. 


I  H.  . 
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except  for  the  position  of  the  axial  plane,  they  are  similar  to  the 
hornblende  of  Wright*  found  at  Beverley. 

In  the  course  of  an  investigation  of  riebeckite  rocks  and  their 
inclusions  (from  Quincy,  Massachusetts,  Jacobdeal,  Dabrogea, 
etc.)  I  was  fortunate  enough  to  find  this  kind  of  amphibole, 
which  in  my  notes  I  have  called  Lances  amphibole.  It  is  a  dark 
colored  amphibole  (like  barkevikite),  with  a  very  strong  pleo- 
chroism:  a  =  brownish  yellow,  b  =  green  or  brownish  green,  C 
=  bluish  green  or  greenish  blue;  C  b>a.  Angle  of  extinc- 
tion C:c  =  ]3°  in  the  darker  colored,  up  to  20°  and  even  2G° 
(in  this  case  b:(").  The  birefringence  y — «  is  large  enough  to 
be  noticed,  but  y  —  p  is  very  small,  almost  zero.  2  V  of  course 
very  small  or  zero;  very  strong  dispersion :  p  <  v.  optic  character 
negative.  In  the  darker  colored  lamellae  with  an  excessive  dis- 
persion (bp:c<bv:c),  we  meet  with  a  transverse  axial  plane,  2  V 
very  small  around  the  same  negative  bisectrix. 

Besides  the  inclusions  of  riebeckite  granite,  I  have  observed 
this  mineral  in  a  section  (No.  304,  the  property  of  Dr.  C.  Pa- 
lache)  of  glaucophane  schist  from  Riffel  Alp  (Zermatt).  In  this 
section  we  have  in  some  lamellae  the  blue-green  amphibole  with 
the  axial  plane  parallel  to  (010)  ;  in  others  it  is  transverse  to  the 

plane  of  symmetry;  angle  of  extinction  C  (or  b)  :  c  =  18°-2()°; 
optic  character  negative.f  All  these  amphiboles  are  optically 
similar;  there  is  also  another  which  differs  only  in  the  angle  of 
extinction. 

In  Rosenbusch's  new  manual  we  find  a  communication  by  W. 
Freudenberg  about  an  amphibole  from  the  shonkinite  of  Katzen- 
buckel:  black  (transparent  brown  or  greenish),  ^S^ery  rich  in 
iron.''  Pleochroism:  a  =^  straw  color,  b  (or  C)=deep  red- 
brown,  C  (or  b)  ^^  green  to  yellow-green.  Angle  of  extinction: 
C  (or  b)  :  r  variable  up  to  6.')°  (f);  bp:*^*  cbric;  2  V  very  small 
around  a  negative  bisectrix.  Axial  plane  in  the  central  lamellae 
parallel  to  (010),  in  the  periphal  zones  peri)endieular  to  (010). 

These  observations  all  show  that  crossite-like  amphiboles  oc- 

*  F.  E.  Wright,  Alkali  syenit  von  Bevorlev,  Tsohcrm.  Mittheil,  XX  p. 
310.     See  Table  II.     No.  X. 

t  This  amphibole  must  occur  very  frequently ;  for  example,  I  believe  that 
I  recognized  it  in  a  slide  of  riebeckite  granite  from  Socotra,  although  I 
studied  the  slide,  the  property  of  Professor  A.  Pelikan,  No.  41,  for  a  few 
minutes  only. 


cur  in  thf  ^roiip  of  coiniiioii  hornlik-ndc.  and  are  very  probably 
Fp"'^amphiholes  i-orrcitponrfing  to  tin?  karinthiDe.  bark^vikit*. 
or  wiretitc  formula.  Until  iimre  detailed  knowledge  about  this 
kind  of  atiipliibolc  is  published,  1  propose  to  retain  for  such  the 
iir.rne  laiu'itp,  in  honor  of  Dr.  A.  C.  Lune,  who  has  introduced 
new  ideas  and  made  new  obaervationit  in  this  group  of  minerals. 

Actinolite  and  an  ActinoUte  with  Tra>i.tversfi  Axial  Plane. 
Aa  a  type  of  the  actinoIit«  from  the  roeka  with  glaucophane. 
we  may  tJike  the  uotinolite  of  North  Berkeley  and  San  Pablo 
studied  and  aualy7.ed  by  Blaitdale  {he.  ctt.).  It  is  very  siniilul 
in  its  physical  properties  to  the  actinolite  described  by  G.  P) 
lacho  as  oeeurrinti;  in  erossiti^  schists,  ete.  Color,  bluish  i^reen; 
pleochroism :  C  ^  bluish  green,  6  ^  jellowinh  green,  a  ^  yet' 
lowish  to  colorless;  absorption  faint,  C  jft  >  i.  Angle  of  ex- 
tinction t:e^=l5°;  birefringence  a*  usual;  2  E  very  Isrgf:  the 
section  (100)  shows  a  negative  biseotrix  and  one  axis. 

Id  one  glaucophane  schist  (VIII  10)  I  found  an  interesting 
minerHl  which  seems  to  be  an  actinolite  with  transverse  axial 
plane.  The  relief  is  like  zoisit«.  Pleochroisra,  r^eolorleas,  6 
=  IP^eea,  more  or  less  dark,  6  =  yellowish  to  eolorless;  angle  of 
extinction,  t:c^-7°  (measured  on  hemitropic  lamellae  which 
extinguish  symmetrically).  In  the  sections  with  parallel  extinc- 
tinn  the  a.\iiil  pliiiie  is  transverse,  with  2  E  small  around  a  posi- 
tive liiscctris.    Sonic  iaidellae  show  patches  of  planeophane. 

Friiin  llic  ijcciirrcncc  iiml  optical  properties  of  this  mineral, 
it  can  be  no  other  tliaii  an  amphihote.  viz..  an  actinolite.  I  have 
met  with  it  tinly  in  one  I'ock  i'.i  slides),  and  in  so  small  a  quan- 
tity thai  it  was  not  passihle  to  isiilate  it  for  further  investiiration. 

I  liiay  here  af.'ain  rcniark  that  the  position  of  the  axial  plane 
is  near  to  the  vertical,  as  in  crocidolite  and  osnimite,  and  not  near 
to  llie  hori/oiital.  as  in  crossitc  and  laneite. 


Je. 
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II. 
MATERIALS  STUDIED. 

GLAUCOPHANE  SCHISTS. 

On  the  Californian  glaucophane  schists  there  is  an  extensive 
literature,  but  in  California,  as  in  other  countries,  the  problems 
are  far  from  bein^  solved.  I  add  here  some  petro^aphic  notes 
on  some  of  these  rocks  merely  as  suggestions  for  future  work,  and 
especially  as  proofs  in  support  of  the  theories  advanced  in  the 
preceding  section  of  this  paper. 

The  numbers  in  these  notes  refer  to  the  collection  of  slides  of 
Professor  J.  P.  Smith. 

Edogite. — Arroyo  Hondo,  Calaveras  Valley.  I.  (4,  5.)  Gar- 
net in  large  crystals  with  inclusions  of  titanite,  rutile,  apatite, 
and  karinthine,  w^ith  patches  of  glaucophane.  Ilmenite  with 
edges  of  magnetite ;  hematite,  golden  yellow  rutile  sometimes  in- 
cluded in  titanite,  epidote;  lawsonite.  Karinthine,  with  inclu- 
sions of  zircon  with  halos  of  titanite  rutile,  etc.,  shows:  t  = 
blue-green,  ll  =  dark  olive-green,  a  =  yellowish  to  colorless. 
Patches  and  edges  of  blue- violet  glaucophane,  max.  ext.  =  -24°. 
2  V  large ;  the  basal  sections  show  an  optic  axis.    Negative. 

In  another  slide  with  much  titanite,  the  karinthine  with  edges 
and  patches  of  glaucophane  gives  a  max.  ext.  -27°  with  stronger 
absorption  (the  colors  much  darker). 

Another  slide  shows  a  karinthine:  C  =  blue  green,  b  =  dirty 
olive-green,  a  =  yellowish  green;  ext.  -28°;  2  V  very  large;* 
y  —  a  large;  negative;  axial  plane  =(010);  a  basal  section 
shows  an  optic  axis  at  the  edges  of  the  field  of  the  microscope. 
Glaucophane  shows:  C  =  azure  blue  to  ultramarine  blue,  b  = 
violet,  a  =  bluish  to  ('olorless;  2  V  large;  negative;  intergrown 
with  karinthine. 

Greenstone. — Calaveras  Valloy.  I.  8,  8  (No.  10).  Titanite, 
rutile,  ilmenite,  hematite,  epidote,  lawsonite  ( ?),  karinthine.  chlo- 
rite, glaucophane  intergrown  with  karinthine.  Karinthine  shows : 
C  =  bluish  green,  b  =  olive  green,  a  ^  yellow  to  colorless;  ab- 
sorption slight;  ext.  -20'  ;  negative;  basal  sections  show  a  second 


Very  large  is  over  60° ;  large  is  60° — 40'' ;  small  is  less  than  40 
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bisctrtrix  and  un  optic  nxis.  ']|iiti(^)phiiiiv  variable  in  pleochroisi 
and  HlMortition  rniiii  pale  rnlon)  to  vory  dark  oneB;  2  V  also  t 
riahle  from  largfi  to  zero;  iicpative. 

OrecHstoaf  (eclogito), — (lalaveras  Valley.  I.  7.  Well  d»-l 
velopod  crj'Mtiilfi  of  titanite:  rutiW  with  balos  of  leucoxenc:  karin- 
tbine.  clinozoizitv  (wlorlcw  fpidotv)  in  large  crystals,  lawsouitc, 
lotrite  ( t).  qiiartK.  cblorite  with  bintite  and  miiacovite.  (ilaiico- 
phane  occura  in  lamellae  with  ^-ariable  pleochroiam  and  absorp- 
tion, with  remains  of  kJirintliine  faintly  colored  like  the  glauco- 
phanc  ill  gf'neml.  As  veinM,  or  mixed  with  the  other  minerals  in 
the  roe.k,  we  find  a  yellowinh  mineral  here  and  tben^  with  some 
preenish  pigment ;  it  ixwurs  as  lamellae  and  fibers  with  eleavage 
sometimes  \'ery  well  pronounced,  often  disposed  in  fans,  forming 
somt-times  ii  radial  spherulitc.  The  n.'fraetive  indes  is  1.67;  the 
oeourrenee  and  properties  sniggt'xt  lotrite.  The  lamellae  with 
strong  birefringence  [y — o)  extinguish  sj-mmetrically:  some 
other  lamellae  give  wavy  extinction,  and  those  with  fi  —  a  very 
small  Khow  an  angle  of  extinction  of  15°.  Relief  and  birefrin- 
gence a  little  higher  than  in  glancophane.  Pleoehroismr  fl  =:  C 
^  colorless;  b  =^  greenish.  The  length  of  the  lamellae  is  i>andlpl 
to  6;  axial  plane  perpendicular  to  the  cleavage;  2  V  large  down 
to  viTv  small  around  a  positive  bisectrix,  even  uniaxial.  Accord- 
iiii:  ti)  tlit'sf  propiM-ticK  lliis  mineral  is  very  .similar  to  lotritf.  fniui 
whicli  it  dillVrs  only  sli-rlitly  in  the  angle  of  extinction."  Tlio 
bitrite  I  ?)  Sfcms  to  lif  in  treiietic  relation  with  the  srlaucopliane 
and  kaniilhiiit';  souif  himi'lliie  of  Lrlaucophane  and  karinthiiie 
I>ji.ss  into  a  mass  of  luli'llf  liimellac.  The  i;laucophane.  however. 
rit  llii-  <-c.iit;ir't  with  tbi-  vein  i.f  L.tritf  (  ,')  shows  clearly  a  tnuis- 
i'oniiiitioii  into  i-riissito.  i  Fi;:.  ti.)  It  becomes  ver>'  intensely 
.■,iln(i.(|  Ibliii'  iiiid  viulrli,  alninst  uniaxial,  and  the  edges  and 
l.'iiiiclhii'  "lii.'li  projri-i  itilo  the  interior  of  the  vein  have  a  much 
siiHiitiii-  |ili'i«liiHisi]i  and  absorption,  and  the  optic  orientation 
of  riM>.--iii-;  C  =  d^u'k  violet;  6  =  IViissian  bine  to  indigo;  fl  = 
i;niy-violri  ;  .■n1.  -I't  :  l.ir(fi'ini:<-nce  very  small ;  2  V  very  hir-zv: 
di.spfi>iiiii  vi't'v  ;.'i'eal.     Karinthine  shows  an  e.'ttinction  of  19". 
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glaueophane  less   (6''-10°),  and  crosaite  also  19°   in  the  same 
direction  as  glaucopbane  and  karinthine. 


The  transformation  of  frlaueophane  into  crossite  seems  to  be 
posterior  to  the  genesis  of  glaucopbane  and  karinthine,  probably 
at  the  same  time  or  oven  posterior  to  the  filling  up  of  thy  vein 
with  lotrite  (!),  actinolite,  and  iron  niiea.  It  seems  that  at  the 
time  of  the  formation  of  the  vein  the  glaneophane  had  suffered 
an  impregnation  with  a  foreign  substance,  or  a  transformation 
of  FeO  into  Fe;0,,  which  had  altered  its  chemical  constitution 
and  optical  properties.  It  is  to  be  remarked  that  in  some  other 
parts  where  glaucophane  comes  in  contact  with  lotrite  ( ?)  one 
cannot  observe  a  pronounced  variation  in  the  color  or  in  the  op- 
tical properties  of  the  glaucophane. 

£^c%i(t!.— Oak  Ridge,  Calaveras  Valley.  I.  10,  Garnet  with 
rutile  and  ilmenite.  the  fissures  filled  with  Bmaragdite  (t),  epi- 
dote,  titanite  with  rutile;  rutile  with  leneosene,  karinthine. 

Eclogite. — Calaveras  Valley.  1.  ttnrnet  with  veins  of  chlo- 
rite.   Lawsnnite,  much  titanite,  omjihacite. 

Glaucophaiic-ijiiris.-'.—'^U'hnn.  near  Himta  Rosa.  II.  2.  :i.  4. 
Quartz,  titanite.  garnet  with  the  tis.surcs  filled  with  tale  (  :;) : 
much  chlorite  and  margariti'.  Orthofbisc,  sinaragditc.  Karin- 
thine with  giaueophane  very  fiiintly  coloi'cd :  some  i)atches  of 
more  intensely  cohired  glaucoplNine  show  '2  V  very  small. 

Another  section  of  the  same  rock  (II,  5)  shows  very  large 
crystals  of  titanite;  garnet;  rutile  with  leucoxene.  Karinthine 
Bhows:  C^greenish  blue.  !l  =  gi'een,  a  =  yellowish;  ext,  ^ 
20°;    forms  ery.stals  with  glancopljaue  showing:    C^ultrama- 
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rine  bluf.  b  =  pale  viol*t.  fl  =  gm v  yellow.     (Fig.  7.)     Some 
IttiuL'llav  iif  Klinit-o)>hitin.'  with  int«Dw?  F»lorH  are  almost  uniaxial. 
In  AuiiDiRr  nei-tioD  (II.  G.)   beside^i  a  glaiii-ophaiie  will)  C^^ 
azun- blue,  b  =  |nin>lf  viftlet.  t  =  .vellowto  colorless,  y  —  ^=J 
l).O02.  2  V  large,  we  find  «  RreeniBh  aiiiphibole  with  patches  ( 
glaucophanv.      PK-w-bniism    C  =  b  =  grepiiiRh,    8  =  cdlorleflS.I 
Btrvfriiigoncv  wc«k ;  2  V  vpn'  small ;  pmitive :  axial  plane  (OlO)  jl 
ext.  (t:c)=-48? 


riitul.  g.   aith  (tfilclKa  of  karintliiuti,  k,  ijnaiii,  % 

QuaritHe. — San  Lniia  Obiapo.    11.    12.    Recrystallizcd  t\ 
in  sonii^  ames  undisturbed,  in  othirs  enished.     Garnet.  titaDit?. 
spinel  grown  also  in  glaucophane.     UlaucopliaDe  with  variable 

coliirs,  somp  lanidlfie  risinf;  up  to  thnst'  of  the  cros,site.  Anirle  of 
the  (iptic  axi.s  vyryiui:  invei'sely  tii  the  intensity  of  the  color. 

/;*(M.ss.— Hclniout  SeliiKtl.  Beiimmt.  II.  17.  Garnet,  ilme- 
uite  with  heniiitite,  nitile  with  leueoxeiie.  much  ninsnvite.  Glau- 
i-iipliatii'  ill  riiiiiciil  himt-llae  with  vi-ry  weak  absorption;  ansle  of 
cttinctiou  very  small :  '1  V  lar^'C:  iiepative. 

<}mrlz'<U\—OAV  Hill.  Sau  i<y?^:  II.  L>U.  Idioblaslic  .piartz. 
L'aniet  ini'losod  in  t;lancophaiie :  riitile  and  titaiiite  in  beaiitifu! 
eryslals:  mii.scnvite  ( iiarajjouite?  1.  laivsouite.  Glaucophane  with 
iiili-Msf  ciilors;  2  V  very  small:  in  stime  ultramarine  lauiellae  al- 
most uniaxial.    Muscc)vilt-  wilb  rutili'  inclosed  iu  plaucophanc. 

Miia  .iilii.ll. — I'alaveras  Valley.  II.  22.  Brown  ganiel  iu- 
I'liisrd  ill  L'laucophaiic:  little  muscovite,  Glaucophane  with  in- 
(■■usi-  colors  and  sironjj  alisorptioii;  C  ^  ultramarine  blue,  6  = 
jMnple  violet,  £1  —  yellowish  fiit-eu:  ext.  angle  very  small:  y  — " 
=  -ii.o-Jl;  y — ^  =  0.(105  ca.  2  V  very  small,  negative:  axial 
plKIK-   .1.1(1,. 
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Lawsonite  gneiss.    Three  miles  west  of  Redwood.    III.    2,  7. 

Ophitoblastic  structure.  Titanite,  lawsonite,  ilmenite,  hema- 
tite, rutile  with  leucoxene.  Glaucophane  in  large  crystals:  C  = 
Prussian  blue,  ll  =  purple  violet,  a  =  gi*ay;  some  lamellae  are 
quite  uniaxial.  In  sect.  III.  7  the  glaucophane  has  paler  colors ; 
2  V  small. 

Lawsonite  gneiss.    Helmann  ranch.    III.    3,  14. 

Ophitoblastic  structure.  Glaucophane  in  some  lamellae  very 
pale  with  2  V  very  large ;  extinction  angle  very  small.  Titanite, 
lawsonite  in  glaucophane,  but  also  glaucophane  in  the  lawsonite 
crystals. 

Epiclotc  schist.  Hooper  Dairy,  Schrader  Tract,  near  Red- 
wood.   III.    11. 

Epidote,  lawsonite,  pyrite,  chlorite.  Karinthine:  C  =  greeu- 
ish  blue,  b  =  dirty  olive-green,  a  =  yellowish  to  colorless.  C  =  b 
>a;  ext.  -14^;  hemitropic  lamellae;  grown  together  with 
glaucophane.  Glaucophane:  C  =  ultramarine  blue,  b  =  purple 
violet,  a  =  yellowish  to  colorless;  ext.  -15^  (probably  not  on 
(010));  y  —  a  as  usual.  y  —  /3  =  0.006 ;  2  V  large.  In  some 
lamellae  a  colorless  zone  occurs  between  glaucophane  and  karin- 
thine.   Karinthine  passes  into  chlorite. 

VI.  3.  Loc.  ?  Ilmenite  with  leucoxene,  chlorite,  actinolite. 
Hornblende  (karinthine  or  soretite):  C  =  dark  brown  green,  b 
=  brown-green,  a  =  straw  yellow,  with  edges  of  bluish  karin- 
thine and  here  and  there  patches  of  glaucophane,  especially  on 
the  prolongation  of  a  chlorite  vein.  Karinthine  shows  hemitropic 
lamellae.  Ext.  -19°,  y  —  /3=:  0.009  ca.;  axial  plane  (010) ;  2  V 
large;  negative. 

Eclogite.    Hilton  gulch,  Oak  Ridge.    VII.    5,  9,  6. 

Epidote  and  zoisite,  margarite,  rutile,  inclosed  in  amphibole 
and  free,  titanite.  Karinthine:  ext.  -23^;  negative;  2  V  large; 
axial  plane,  parallel  to  (010)  ;  with  edges  and  patches  of  glauco- 
phane in  pale  colors. 

Glaucophane  schist.    Belmont  School,  Belmont.    VII.    19. 

Margarite,  much  titanite  (leucoxene)  with  centers  of  rutile, 
lawsonite,  chlorite  in  veins  and  fissures.  Glaucophane  in  colors 
of  medium  intensity;   karinthine:   C  =  bluish  green,  etc.     Ext. 

-23^ 
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Epid>it»  srhixL     Vn,     20. 

Uttch  epidote,  margarite.  Karinthinei :  t  =  b!ue,  b^dirty 
olivf-gT«!H,  «  =  yi'llowi»ih;  est.  -19°;  2  V  vory  largp.  Glanco* 
phaue  in  pale  nolors:  t  =  nzarf  blup,  b  =  violet,  fi  =  yellowiiilt 
to  mloriess;  ext  -5"  :  '2  V  snisll :  negative. 

Quarizite  (gneiss}.     Belmont.     VIII.     6,  7,  8,  9. 

Rrciwn  t^rnt-l,  muf^L^tite,  leucuxcne,  hematite,  rutile,  ilnieiiite, 
niiiscovite,  glBuPophane  in  pale  colors  as  sheaves  and  radial 
sphenilitea. 

QuartzitP.    Pine  Plat,  Sonoma  County.    Till.   10,  11,  12. 

Ganiet,  zoisite,  leucoxene.  ilmenitc,  hematit*,  muscovite  (para^-'' 
gonitpT)  iron  biotite,  Glaiicophane :  c=^I*n»siau  blue;  eit. 
-6° ;  negative.  2  V  .small ;  with  pat«;h(«  and  nucleus  of  kHrin- 
thiue:  est.  — 18°,  C  =hluiah  green,  ete. ;  axial  plane  parntlel  to 
(010) ;  2  V  larfi;e.  negative.  I'olya>'nthetic  lamellae.  Here  aim 
the  of.tinolitc  vrith  tranxvcrse  axial  plane  described  above. 

Eclogite.    Rtx^d  Station,  Tiburon. 

Karinthine  (orsoretite)  as  lamellae  with  end  faces :  [  ^bluish 
green,  ft  ^olive-green,  fl  ^  yellow.  Ext.  (Crr)=-26^  axial 
plane,  (010);  2  V  lai^e:  ncKative.  Some  lamellae  with  patches 
and  edges  of  glaueophane.     (Fig.  8.) 


I 


wilh  edges  ami  z 


nes  of  glaueoiihauiv    X3(i. 
1^  miles  soutbeasi  of 


QimrlzHr  (and  iriic-a  schist).   Tibun 
1! [  Statii.ii. 

Idioblnstic  ([uartz  with  many  inclusions  of  liquids  with  bubbles. 
Ziri'nji.  LTiinirt  in  siiinll  crystals  with  optic  anomalies,  snmctiiui's 
irii-liisi'd  ill  i-riissitcs;  titanitc.  Muscovite,  bent  in  tbe  cruslu'd 
/r„i,^  „f  til,.  ,|iiart;:.  Brown  iron  bioHtt*.  often  in  radial  lametiiie. 
will)  a  slifrlil  i.lforlin.isin:  C  =  dark  brown,  a  =  yellow  brown: 
iii;,'jili\c.  tiiMily  iijiiaxial.  Crossite:  C  =  violet,  b  ^  Prn^fsian 
blue,  a  ■-  yclliiw ;  it  nc(;ur.s  as  needles  and  lamellae ;  some  nei-dles 
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recall  those  of  tourmaline.  Max.  ext.  — 12°,  y  —  a  =  0.002,  2  V 
small,  axial  plane  transversal  to  cleavage. 

Glaucophane  and  titanite.  San  Pablo  (studied  and  analysed 
by  Blasdale,  loc.  cit.).  No.  126.  See  my  determinations  on  uni- 
axial glaucophane  in  the  first  part  of  this  paper. 

Glaucophane  schist.    North  Berkeley. 

Glaucophane.  ext.  -5i  :  (  n  cleavatie  lamellae  -7°  :  2  V  small; 
negative ;  y  —  a  and  y  —  ^  as  usual. 

Glaucophane  (boulder).  San  Pablo.  No.  123.  Analysed  by 
Blasdale.  The  colors  of  the  pleochroism  not  intense;  ext.  on 
cleavage  lamellae,  -10^'  (8°-10°),  2  V  small. 

Eclogite  with  glaucophane.    Russian  River.    No.  2144. 

Glaucophane  quart zite.    Wildcat  Creek.    North  of  Berkeley. 

Garnet;  titanite;  glaucophane  in  pale  colors,  ext.  -4°-6°  on 
cleavage  lamellae  (one  lamella  gave  -14°) ;  the  prisms  have  the 
orthopinacoidal  faces  more  developed  than  the  clinopinacoidal 
ones;  2  V  very  large. 

Mica  schist.    North  Berkeley. 

Pale  ^»laucophane,  ext.  on  cleavage  lamellae,  -8^  ;  2  V  large. 
Chlorite. 

Quartzitc.    North  of  Berkeley. 

Crossite  quite  identical  with  that  of  Palache.  Very  intensely 
colored;  absorption  and  dispersion  very  large;  max.  ext.  -20°; 
P  —  a  >  y  —  P\  axial  plane  transverse  to  the  prism ;  c  =  opaque 
violet,  b  =  Prussian  blue;  d  —  yellowish  green. 

SYENITES,  ETC. 

Syenite.  Spanish  Peak,  Plumas  County,  California. 
Apatite  as  needles  and  bunches ;  rutile  as  formless  grains,  often 
as  pseudomorphoses  of  fragments  of  aniphibole:  leucoxene  as 
halo  around  some  rutiles,  or  as  patches;  ferruginous  patches; 
chlorite  and  biotite  with  weak  phMK-hroisni,  very  small  angle  of 
the  optic  axes;  negative.  All)ite,  katophorite.  Secoudnry  (juartz 
and  crocidolite. 

The  katophorite  is  smoky  yellt)w,  without  appreciable 
pleochroism;  t>h>Si.  The  color  seems  to  be  due  to  a 
pigment  which  is  not  evenly  distributed  through  the  whole  min- 
eral; at  all  events,  the  periphery  is  lighter  in  color  and  clearer 
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thnn  Ilio  confer.  Stimd imt-s  the  pisnneiit  forms  zonen  and  patpliti) 
in  tlip  neitiliborhood  of  the  t-learer  region,  us  if  broosht  from 
there  through  sceoncUrj-  infliicmnM.  A  fibrous  croi-idolite  opcurs 
nroimd  and  in  sonio  wivities  of  the  katophorite  in  close  connection 
with  (he  light  zont*.  Between  eroeidolitc  and  katophorite  there 
are  always  definite  lines  of  demarcation,  although  the  croeidoiite 
zone  beeius  with  a  RreeniKh  ydlow  aubstanije.  For  katophorite: 
'"■^--'il?  The  ionpitndinal  and  transverse  seetionn  show 
many  heniitrnpip  lamellao  on  the  (100).  The  optic  orientation 
as  usual  b  -  b;  axial  plants  iiarallel  to  <()U)).  2  V  large,  posi- 
tive; no  appri-ciHljle  diaperaion. 
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wilii  sonic  iibci's  of  crocidolitc.  (Fisr.  !•.)  V.T-y 
•ct  here  with  the  phenomenon  of  separntion  of  the 
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TiOj  from  the  Ti-bearing  amphiboles  during  the  transformation 
of  the  eruptive  rock  in  a  crystalline  schist.* 

The  crocidolite  was  described  above  (Part  I).  The  relations 
with  katophorite  are  the  same  as  in  the  rocks  of  Rosita  Hills, 
etc.  The  angle  of  extinction  of  crocidolite  (Arc)  is  opposite  to 
that  of  katophorite. 

Another  specimen  of  the  same  syenite  of  Spanish  Peak  shows 
no  katorphorite  nor  crocidolite ;  the  structure  is  hypidiomorphic. 
The  amphibole  is  here  a  sorctite;  it  occurs  as  long  prisms  with 
(110)  and  (100)  more  developed  than  (010),  with  many  inclu- 
sions of  albite  (and  magnetite)  in  a  poikilitic  structure.  Pleo- 
ehroism:  C  =  greenish  blue,  b  =  olive-green,  d  =--  honey-yellow. 
C^l>>a.  Angle  of  extinction  -24°  {t:c);  axial  plane 
parallel  to  (010) .  y  —  p  =  0.012  ca.  y  —  a  =  0.024  ca.  2  V 
very  large,  negative.    Apatite,  chlorite,  albite. 

Quartz  diorite.  i  m.  from  Plume,  Oak  Ridge  (5  m.  east  of 
Calaveras  Valley).    IV.    1. 

Ilmenite,  hematite,  titanite  as  large  reddish  yellow,  crystals, 
chlorite,  biotite,  acid  oligoclase  with  crystals  of  lawsonite,  pegma- 
titic  and  granophyric  quartz. 

Katophorite:  t  =  reddish  brown  (if  altered:  greenish  or 
bluish) ;  ft  =  olive  brown,  a  =  light  yellow.  C  ^  ft  >  a.  The 
colors  not  uniform,  with  dirty  patches  and  zones;  ext.  -26°; 
hemitropic  lamellae;  axial  plane  parallel  to  (010) ;  negative. 

The  katophorite  passes  over  into  fibrous  crossite  (?)  at  the 
periphery,  as  the  katophorite  from  Spanish  Peak  does  into  croci- 
dolite. 

Ferruginous  biotite  as  pseudomorphs  of  hornblende  with  zones 
of  leucoxene  or  rutile,  chlorite,  and  a  bluish  actinolite  result  also 
as  a  secondary'  product  of  katophorite. 

CONCLUSIONS. 

Prom  this  short  description  of  some  of  the  most  interesting; 
rocks  of  California  we  may  ccmelude: 

I.  The  glaucophane  schists  are  in  general  crystalloblastic 
rocks  :t  lawsonite,  epidote,  zoisite,  sometimes  titanite,   ilmenite, 

•  F.  Becke.  IM^or  Mineralbestan<l  und  Struetur  dor  Krist.  Schicfer.  C.  R. 
IX.    Congr^s  de  Geologic,  Vienne  1904. 

t  The  nomenclature  proposed  by  F.  Beoke,  loc,  cit. 
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and  evea  qntrtx  arc  idioblatitii'  clemeiitii.  Suiuctimts  thv  etructitl 
of  the  glaiieophaiie  sehista  is  opbitoblastic. 

2.  Tlie  stntemeut  of  Kosenbuscli',  "die  ArfvedHonitRmplu 
t»)lf  trvtMl  nur  in  Eruptivgi'stinTieii.  die  GlHukauphiboIp  dagegvn 
iiie  »1n  iirspHlugliobe  Genieiigtheile  soloher.  auf ",  is  quite  true. 

3.  The  (tlaucHiiiphiboles  rich  in  Fe-O.,  (crossite,  rhodusite.  He.) 
are  iu  general  characteristic  of  the  moat  acid  Rchists  iquartzites. 
albiti'  HChisU.  (cu^itw,  mica  schiist  with  musoovitc.  just  as  iirfvcd< 
wHitt*^  auiphiNilw  rich  in  Fe,0,  (rii*he(>kit«,  etc.)  ure  charaeter- 
istie  of  acid  eruptive  rookst  ( peffmatiti')*  of  ftranitrai,  quart?. 
syenites,  etc, 

4.  The  oriiiin  of  the  glaucophanc  schiats  is  vcrj'  complicated, 
and  nothing  but  detailed  investigations  in  the  field  will  solve  thtf 
prolilyni.  The  phenomenon  of  the  metamorphism  of  various 
mcka  into  glnucophane  schists  seems  to  be  a  kind  of  piezometa- 
niorpbisin  (Weinachenk).  as  stated  by  S.  Franchi. 

5.  Many  kinds  of  amphiboles,  glaucophane,  karinthine,  actino- 
lite,  etc,,  may  be  formtrd  Bynchronously  in  the  name  rock  and 
crystal, 

6.  During  the  nietamorphituu  of  the  eruptive  rocks  into  giaii- 
cophane  schists,  many  changes  ol  the  homogenous  mixtures  into 
non-homogonoiis  rocks  take  place.  Besides  the  formation  of  rutile 
iiiid  litnnite  from  brown  ntiiphihoU's.  of  lawsonitc  (epidotc. 
zoisite,  lotrite  ( ?).  etr-.}  and  albite  from  a  basic  plafiioclase.  the 
oo-nrenee  of  various  iiinpliiboK's  l^laitcophane.  karinthine.  actino- 
litc,  etc.)  can  alsi)  be  c.\plaincd  in  this  way  from  katopborite, 
biirki'vikil'',  I'li-..  ur  a  siniilju'  complieatod  aniphiboli'. 
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Two  years  a^o  the  writer  published  a  paper*  descriptive  of 
the  genesis  of  the  salient  features  of  the  Upper  Kern  Basin,  in 
which  one  of  the  most  interesting  points  was  the  recognition  of 
a  great  rift  which  had  determined  the  course  of  the  Kern  Caiion. 
The  rift  was  traced  as  far  as  the  southern  end  of  the  Trout 
Meadows  defile  which  was  the  limit  of  the  writer's  field  observa- 
tions. With  the  object  of  extending  those  observations,  the 
writer  last  summer  made  a  somewhat  hurried  trip  through  the 
middle  Kern  Canon  in  the  hope  of  discovering  evidence  of  the 
prolongation  of  the  rift  to  the  south  of  the  junction  of  the  Little 
Kern  with  the  Kern  River.  The  most  convenient  approach  to 
this  portion  of  the  mountains  is  by  the  wagon  road  from  Caliente 
at  the  southern  end  of  the  Great  Valley,  by  way  of  Walker 
Basin,  Havilah,  and  Hot  Springs  Valley  to  Kernville,  and  thence 
up  the  Kern  Caiion  by  a  saddle  trail  to  the  mouth  of  the  Little 
Kern.  On  this  route  of  travel  certain  observations  were  made 
which  it  is  here  desired  to  recoi'd.  From  Caliente,  altitude  128() 
feet,  the  road  follows  the  tei-raeed  canon  of  Caliente  Creek  for 
a  few  miles  with  a  very  gentle  grade  and  then  climbs  up  to  the 
left  in  the  steep-grade  canon  of  Oyler  Creek  to  a  summit,  on  the 
north  side  of  which  there  is  a  rapid  de.seent  to  Walker  Basin. 
The  summit  is  ten  miles  distant  from  Caliente  and  about  280()"'" 


*  Geomorphogeny  of  the  Upper  Kern  Basin.     Bull.   Dept.  Geol.   Univ. 
Cal.,  Vol.  3,  No.  15. 
t  Aneroid. 
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fwt  Hhovp  il,  (ir  *HS(i  fwt  nbovi'  sen  levd.  Fn.ui  this  siiimiiit  tbf 
observer  looking  north  obtniiw  a  fine  view  of  the  profile  of  Breok- 
enliridgo  Mountain,  and  of  Walker  BaHin,  both  vf-ry  remarkable 
peiimoriihie  features.  Breckenbridge  llonntnin  is  au  asyiunietric 
ridpe.  the  general  trend  of  which  is  north  and  south,  nnd  which 
lies  immediately  to  the  west  of  Walker  Bnsiii,  The  summit  is 
probably  about  6500  feet  above  sea  level.  lis  western  slope  is 
exceedingly  gentle  and  descends  uniformly  toward  the  jrreat 
valley  in  the  latitude  of  Bakersfield.  Its  eastern  side  is  a  very 
precipitous  mountain  fmnt  overlooking  Walker  Batiin.  The  mere 
inspection  of  the  profile  suggests  immediately  that  the  mountain 
is  a  tilted  orographic  block  nnd  that  its  eastern  front  is  a  fnult- 
searp.  This  suggestion  is  confirmed  by  its  relation  to  Walker 
Basin.  The  latter  is  a  triangular  shaped  valley  having  an  area 
of  ten  or  eleven  square  miles.  One  side  of  the  triangle  is  the 
base  of  the  steep  eastern  face  of  Breekenbridge  Mountain,  and 
the  other  two  sides  converge  in  a  narrow  eaiion  at  a  point  about 
four  miles  to  the  east  of  the  mountain-  base.  The  valley  bottom 
is  wholly  alluviated  with  a  nearly  flat  slope  to  the  west.  It 
BtRndx  at  an  altitude  of  about  3300  feet  above  sea  leveL  It  is 
in  entire  geomorpbic  discordance  with  the  erosional  features  of 
the  surrounding  mountains.  On  all  sides  are  narrow  hiph-gfade 
canons  and  gorges.  The  outlet  of  the  basin  itself  is  a  narrow 
gorge,  which  lies  ItctMcen  the  south  end  of  Breekenbridge  Moun- 
tain nnd  the  ridge  over  which  the  road  pas.ses  from  Caliente. 
This  gcomorphic  discordance  with  the  erosional  features  of  the 
region  can  only  be  explained  as  the  result  of  an  acute  defnnna- 
tinn,  such  ;is  wcmld  be  produced  by  uplift  of  an  orographic  block 
along  a  fiiult  iiiM'iilk']  to  the  east  front  of  Breekenbridge  Moun- 


inountiiin  scari! 
Ilol  Springs  V 
a   little  east  of 


II  Kcniville  follows  the  east  side  of  this  great 
from  the  .southwest  corner  of  Walker  Basin  to 
illcy,  a  distance  of  fifteen  miles  with  a  bearing 
north.  From  the  northwest  comer  of  Walker 
ascends  ahi.nt  lUdd  feet  to  cross  a  divide  which 
cr  portion  of  the  Breekenbridge  scarp  with  Ibe 
I'  ciist  iiud  separates  Walker  Basin  from  a  much 
^ion   in  which  Ilavilah  is  situated.     Thi.s  is  a 
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longitudinal  valley  lying  between  the  scarp  and  the  mountains 
to  the  east.  In  its  lower  part  it  has  been  alluviated,  but  the 
alluvium  is  now  dissected  by  the  stream  which  drains  the  valley  • 
to  the  Kern.  This  drainage  is  by  a  narrow  gorge  which  lies 
between  the  scarp  and  a  mountain  spur  from  the  east  which 
separates  Havilah  Valley  from  Hot  Springs  Valley.  The  exten- 
sion of  the  scarp  beyond  the  Kern,  if  it  persists,  lies  in  a  rugged 
country  difficult  of  access  and  was  not  pursued  further.  Beyond 
the  Kern  at  the  point  where  the  drainage  from  Havilah  Valley 
enters  it,  Breckenbridge  Mountain  may  have  its  counterpart  in 
the  Greenhorn  Mountains,  but  this  ridge  is  not  known  to  present 
an  abrupt  scarp  to  the  east  such  as  exists  to  the  south  of  the 
Kern,  and  it  is  much  more  symmetrically  dissected  with  reference 
to  its  north  and  south  axis.  It  would  seem  probable,  therefore, 
that  the  Breckenbridge  fault  dies  out  about  where  the  Kern 
river  crosses  it  and  that  beyond  this  point  the  deformation  of 
the  region  took,  in  part  at  least,  the  form  of  an  arch,  the  erosion 
of  which  gave  rise  to  the  Greenhorn  Mountains.  Havilah  Valley 
then  may  be  interpreted  as  a  structural  trough,  formed  at  the 
time  of  the  faulting  along  the  Breckenbridge  fault,  which  has 
been  considerably  modified,  first  by  alluviation  before  its  outlet 
had  cut  back  along  the  lower  part  of  the  trough,  and  subsequently 
by  stream  erosion.  But  while  it  appears  probable  that  the  Breck- 
enbridge uplift  was  continued  in  part  beyond  Havilah  as  an 
arch,  it  was  also  in  part  extended,  as  will  appear  in  the  sequel,  as 
a  fault  of  more  moderate  throw  to  the  east  of  this  arch  up  the 
caiion  of  the  Middle  Kerh. 

The  next  point  of  interest  on  our  route  of  obsei*\'ation  is  Hot 
Springs  Valley.  This  is  reached  from  Havilah  by  a  road  which 
crosses  a  notch  in  the  mountain  spur  above  referred  to.  The 
descent  from  this  divide  to  the  Hot  Springs  is  about  1300  feet 
and  the  latter  are  situated  at  an  altitude  of  about  2600  feet.  This 
pass  over  which  the  road  passes  from  Havilah  to  Hot  Springs 
Valley  is  asymmetric  in  cross  profile  and  has  a  steep  straight  wall 
on  the  west  side  which  is  strongly  suggestive  of  a  degraded 
fault-scarp. 

Hot  Springs  Valley  from  Vaughn  at  its  southern  end  to 
Isabella  at  the  junction  of  the  South  Fork  with  the  Kern  River 
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is  a  little  oror  foDr  niil««  long  nnd  u)  alwut  a  mile  wi<l«.  Ita 
trend  is  north-nnrthrart  nnd  soutli-sonthwMt.  Thia  valley  is 
divided  lon^tiidinalljr  into  two  parts  by  a  low  ni^ian  ^id(^■  <if 
granitic  rock.  On  the  east  side  of  tliin  rid^  is  a  flat  tmttotned 
allaviated  plain  from  onc-hidf  to  thrw-quarters  of  a  inile  wid*. 
In  ibis  plain  are  situated  the  Hot  Sprini^  from  which  the  rallv; 
i«  iiftinwi.  The  springs  emerge  from  tht-  ollmiiim  »f  th<r  pi 
in  its  middle  part  but  toward  the  east  side.  On  the  wnrt 
of  tbt.'  medtuii  ridg^'  is  the  somenhal  tortuous  ebannel  of  tbf' 
Kern  River.  The  stream  flows  in  a  sueceaaion  of  low  rapids  with 
tnter\'als  of  smooth  water  oi'er  hare  grnnite  with  a  dccotnt  uf 
about  25  feet  to  the  mile.  The  trench  in  which  the  stream  n> 
b  a  typical  erwstiinH]  f<>atiire.  The  stream  enters  this 
trench  through  a  stream^wom  notch  in  the  north  end  > 
median  ridpe  immediately  at  the  jimction  of  the  South  Fork  and 
the  Kern  Kiver  near  the  town  of  Iwitiella.  Here  wc  encnunt<-r 
»  totally  different  character  of  stream  bed,  the  moment  we  pass 
to  the  east  of  the  median  ridge.  Both  the  Kern  and  the  Sonth 
Fork  are  flowing  upon  espnnsive  and  far  extended  Hood  plains 
and  their  confluence  occurs  upon  a  common  flood  plain.  This 
Sood  plain  strewn  with  boulders  and  gravel  extends  north  up 
the  Kom  for  a  distance  of  over  ten  miles  from  Isabella  with  a 
Ijreiidlh  diminishing  from  a  iiiito  and  a  lialf  to  a  few  hundred 
fwt.  Up  the  South  Fork  to  the  ejtst  it  e.vtends  for  probably 
fifteen  miles,  with  a  width  in  its  lower  part  of  over  a  mile.  But 
lu-re  the  HiHui-pliiiii  silts  and  sands  mantle  the  stream  gravel  in 
larsrc  part  and  make  ai:i'ieiiltnral  land.  Above  the  present  flood 
plain  is  a  terraee  about  25  feet  in  height,  indicating  that  the 
valK'v  at  one  time  was  filled  that  much  higher  than  at  present. 
The  alluviated  plain  which  forms  the  eastern  moiety  of  Hot 
Spiinu's  ValU'v  is  alxiut  on  the  ^'riide  of  this  terrace. 

To  runiphte  the  description  nt  that  portion  of  Hot  Springs 
Val!'-y  which  Iks  to  the  fast  of  the  median  ridge,  it  should  be 
slated  that  the  alluvium  which  forms  its  floor  is  derived  from 
three  iiieoiiiiiijr  stivams.  The  largest  of  these  is  Erskine  Creek, 
whii'h  tiitcis  the  valley  at  its  soiitlu-ast  corner  and  there  builds 
up  a  jiotalilc  fan  whieh  spreads  out  over  its  entire  width.  The 
sMroiid  in  \'au5:hu  Ureek  which  enters  at  the  south  end  and  gives 
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rise  to  a  less  important  fan  which  is  confluent  with  that  of 
Erskine  Creek.  The  smallest  creek  is  that  which  drains  an  incip- 
ient canon  in  the  face  of  the  steep  mountain  slope  which  bounds 
the  valley  on  the  east  side  between  Erskine  Creek  and  the  South 
Fork.  This  creek  lies  to  the  north  of  the  Hot  Spring  and  the 
latter  are  situated  in  a  depression  between  its  fan  and  that  of 
Erskine  Creek.  For  half  a  mile  around  the  sprinf;^s  the  soil  in 
dry  weather  is  white  with  an  incrustation  of  alkaline  salts.  But 
this  is  more  probably  referable  to  seepage  from  the  lower  edge 
of  the  fans  than  to  the  water  from  the  springs. 

The  median  ridge  which  divides  Hot  Springs  Valley  into 
two  parts  is  continuous  from  Isabella  to  a  point  opposite  the 
Hot  Springs  where  it  attains  its  maximiun  height  of  about  400 
feet  above  the  flat  valley  floor  to  the  east.  South  of  this  point 
there  is  a  notch  in  the  ridge  which  is  on  a  level  with  the  west 
side  of  the  flat  valley  and  about  60  feet  above  the  Kern.  Beyond 
this  to  the  south  the  ridge  is  lower  and  in  less  than  a  mile  there 
is  another  notch  in  the  ridge  cut  below  the  level  of  the  valley 
floor  through  which  Erskine  Creek  finds  its  way  to  the  Kern. 
At  the  southern  end  of  the  ridge  there  is  still  another  notch 
which  separates  it  from  the  mountain  slope  which  forms  the 
south  boundary  of  the  valley.  Through  this  notch  Vaughn  Creek 
flows  to  the  Kern  with  a  drop  of  nearly  100  feet. 

From  the  above  brief  outline  of  the  geomorphic  features  of 
Hot  Springs  Valley,  it  is  evident  that  we  have  here  to  deal  with 
conditions  induced  by  diastrophic  interference  with  the  normal 
course  of  erosional  evolution.  Below  Hot  Springs  Valley  the 
Kern  flows  in  a  normal  mountain  gorge.  Above  their  aggraded 
flood  plain  at  their  confluence,  both  the  Kern  and  the  South  Fork 
flow  in  sharp,  deep  canons.  Two  anomalies  are  to  be  accounted 
for:  The  first  is  the  aggradation  of  both  streams  above  their 
confluence  and  the  second  is  the  dual  character  of  Hot  Springs 
Valley. 

It  has  been  pointed  out  that  the  asymmetric  ridge  of  Brecken- 
bridge  Mountain  with  its  steep  eastern  fault-scarp  pa.sses  in  part 
northerly  into  the  more  symmetrical  ridge  of  the  Greenhorn 
^lountains,  on  the  east  side  of  which  no  great  scarp  has  been 
detected.     It  has  been  further  suggested  that  the  deformation 
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which  lesiilled  in  fnnlting  alongr  the    face    o£    Breekenbridi 
Mountain  found  its  expression  in    urchtng    in   the    Greenhot 
MoiinUiina.     Now  the  Grceuhoni  Mountains  lie  to  the  west  < 
Hot  Springs  Valley  and  any  deformation  such  as  is  here  s 
gested  would  have  the  tendency  to  pond  back  the  Kern.     Thi 
tendency  would,  however,  be  effective  only  if  the  corrasive  actio 
of  the  Kem  failed  to  keep  pace  with  rate  of  uplift.     But  I 
several  mileii  below  the  region  of  aggradation,  and  still  on  1 
cast  side  of  the  uplift,  the  Kem  is  flowing  in  a  rocky  trench  a 
it  would  thus  appear  that  the  Kern  had  been  fully  able  to  ke( 
pace  in  it»  rate  of  down-cutting  with  the  rising  arch  in  its  pal 
We  cannot,  therefore,  adduce  this  special  phaite  of  the  defom 
tion  of  the  region  as  the  cause  of  the  aggradation  of  the  Kej 
and  the  South  Pork  above  their  confluence:  and  even  if  snch^ 
caiiKc  were  admilted.  it  would  offer  no  explanation  of  ihti  dn 
character  of  Hot  Springs  VaLey.    No  amount  of  simple  aggradi 
tion  due  to  the  ponding  of  the  Kern  would  aceouut  for  t^ 
notched  median  ridge  between  the  two  portions  of  the  valley, 
more  fruitful  hyi>othirsis  ia  suggested  by  the  notches  in  this  ridge.1 
They  have  the  character    of    very    short    residual    tninks    of" 
beheaded  stream  valleys.    If  such  be  their  origin,  then  the  valleys 
or  cafions  of  which  they  once  fonued  a  part  could  only  have 
btvn  lu'lieiidcd  by  a  fault  along  the  east  side  of  the  median  ridjie. 
with  a  (li>wiithi'(iw  to  the  east.     The  straight  and  quite  precipi- 
tous ciist  side  of  the  median  ridge  iKtome.s  under  this  hypothesis 
a  dcuriKled  fault-scarp,  the  notehes  in  which  are  antecedent  to 
the  existence  of  the  ridge.     Does  this  hypothesis  afford  an  ade- 
ipiate  cNiilaiiation  of  the  two  classes  of  phenomena  with  which 
wi>  nre  hiTc  eoUL-crned?    Seemingly  it  does.     By  the  development 
of  ii  fault  jiloiig  what  is  now  the  east  side  of  the  median  ridge 
wiili  a  downthrow  to  the  east,  a  ti-ough  would  he  formed,  the 
agLrrailation  of  which  would  give  ns  the  flat  bottomed  eastern 
moiety  of  Hot  Springs  Valley.    If  the  fault-scarp  were  rather 
ra])idly  formed,  as  it  pi-obably  was,  the  waters  of  the  Kem  would 
!>.■  iinpmiiidi'd  against  it  and  a  proeos.s  of  aggradation  inaugur- 
ated.   The  impounded  watei-s  wnuld  rise  to  the  level  of  the  lowest 
uiUcIi  in  iJie  face  of  the  fault-scarp,  which  would  probably  be 
the  trench  of  the  Kern  itself,  and  so  resume  their  former  channel 
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beyond  the  scarp.  Owing  to  the  impounding  of  the  stream 
detritus  in  the  lake  thus  formed,  the  downward  eorrasion  of  the 
trench  beyond  this  notch  would  be  slow.  Meanwhile  deltas 
would  be  rapidly  extended  down  the  Kern  and  South  Fork  arms 
of  the  lake.  The  embayment  of  the  lake  to  the  south  of  Isabella 
would  be  filled  partly  by  the  silt  of  the  river  and  partly  by  the 
deltas  of  Erskine  and  Vaughn  Creeks.  The  final  result  would 
be  an  expansive  flood  plain  sloping  up  in  all  directions  from  the 
rock  barrier  in  the  notch  of  the  fault-scarp  through  which  the 
river  passed  out  to  its  normal  channel.  As  soon  as  the  flood  plain 
was  completed  by  delta  extension  on  to  this  point,  coarse  detritus 
would  begin  to  pass  through  the  notch  and  the  deepening  of  the 
Kern  trench  beyond  the  scarp  would  proceed  comparatively 
rapidly.  In  consequence  of  this,  the  flood  plain  would  be  dis- 
sected leaving  terraces  at  the  level  of  the  flat  floor  of  the  infilled 
trough  to  the  south  of  Isabella. 

Pursuing  now  our  observations  up  the  Kern  River  above 
Kemville,  we  find  the  stream  flowing  in  a  profound  but  remark- 
ably straight  caiion.  The  general  trend  of  the  canon  is  much 
more  nearly  a  straight  line  than  is  the  course  of  the  stream  which 
flows  in  it.  On  the  west  side  of  the  caiion  the  crest  of  the  moun- 
tains is  in  general  about  ten  miles  back  from  the  river.  Numer- 
ous tributary  streams  enter  from  this  side  and  all  of  them,  as  far 
as  Tobias  Creek,  twenty  miles  above  Kernville,  have  built  up 
huge  alluvial  cones  which  indicate  a  marked  lack  of  accordance 
between  the  action  of  these  affluents  and  the  main  stream,  which 
is  itself  running  on  bedrock  and  deepening  its  trench.  The 
material  of  these  cones  is  in  large  part  of  a  verj^  coarse  bouldery 
character.  It  seems  probable  that  the  deformation  of  the  country 
on  this  side  of  the  Kern  which  has  been  recognized  in  Brecken- 
bridge  Mountain  and  in  the  (ii'eenhorn  Mountains  has  in  late 
Quaternary-  time  accentuated  the  grade  of  the  upper  reaches  of 
these  affluents  and  caused  them  to  deject  great  (juantities  of  allu- 
vium into  the  main  caiion.  It  is  even  quite  probable  as  an  infer- 
ence from  the  existence  of  these  cones  that,  if  the  countrv  a  few 
miles  back  from  the  stream  were  examined,  a  fault  scarp  would 
be  discovered,  the  dissection  and  degradation  of  which  has  given 
rise  to  the  alluvium. 
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Beyond  Tobias  Creek  for  the  next  twenty  miles  to  tb«  mnntb 
of  the  Little  Kern,  no  such  alluvial  eone«  are  funnd  on  this  dd^ 
of  the  Kern.  The  trail  for  this  stretch  of  thf  canon  poMMs  owr 
R  rollinR  terrace,  the  more  expansive  portions  of  which  nr^koown 
as  Dr>'  Meadows,  Peppermint  Meadows,  and  Kcm  Fists,  the  last 
being  the  hipli  terrace  of  the  Little  Kem  desoribeil  in  «  fomwrr 
pnper.*  This  rolliuK  terrace  is  mantled  with  a  heavy  reffolitli  of 
deeomposed  granite.  Occasionally  residual  hills  riae  ahow  its 
average  siirfaoe  and  the  streams  which  cross  it  from  tbe  hifth 
gi-oiind  behind  it  do  so  in  open  swails  and  then  plnn^  suddnily 
through  chasms  to  the  Kem  which  flows  at  from  1200  lo  1500 
feet  below.  It  b  e\ndent  that  this  rolling  terrace  is  a  remnuit 
of  a  very  mature  valley  land  which  has  been  dlmeetifd  bj  \ht 
down-cuttin)!  of  the  Kern,  and  is  to  he  corrclattHl  witli  little 
question  with  the  high  vallej-s  of  the  upper  Kem.  At  thf  roaflu- 
enee  of  the  Kem  and  Little  Kern  this  high  valley  is  inantlixl 
with  lava  as  more  fully  described  in  tlie  paper^  nbove  nfferml  to. 
It  appears,  however,  that  the  writer  did  nol  from  his  former 
observations  fully  appreciate  the  degree  of  inecpialily  of  Ih^  Ur«- 
mimtled  surface.  The  dissection  of  the  Kem  Flata  by  the  little 
Kem  shows  that  the  lava  is  in  places  400  feet  thick.  This  wnald 
indicate  that  the  surface  prior  to  the  outflow  nf  lavn  wm  dmiUr 
in  its  degree  of  relief  to  the  very  mature  but  rolling  valley  rem- 
nants at  Dry  Meadows  and  Peppermint  Meadows,  There  can  be 
little  doubt  that  these  high  valley  remuHnts  onr«.>  fomml  a 
continuous  valley  through  which  th<'  Kern  flowed  anterior  tti  \ht 
general  uplift  of  the  Sierra  Nevada  which  inauguratnl  \l%  dis- 
section. It  was.  however,  a  more  or  less  sinuous  valley  and  in  tt> 
dissection  one  portion  has  be«'n  isolated  from  another,  llim 
Kern  Flats  are  separat<^  f  mm  Peppennint  Meadou-s  by  a  ntoun- 
taiu  spur,  known  as  the  Needle  Rock,  which  extrods  o«it  to  the 
west  wall  of  the  deeper  portion  of  the  caiion.  Similarly  a  niaturi 
roundetl  divide  which  separates  Peppermint  Meadows  from  Dry 
Meadows  reaches  the  deeper  part  of  the  canon  and  the  trail  from 
one  meadow  \o  the  other  has  to  cross  this  divide.  Th4>  notable 
features,  then,  of  this  side  of  the  Kern  canon  between  KcmviUe 
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and  the  Little  Kern  are:  (1)  The  extension  for  twenty  miles 
below  the  Little  Kern  of  the  same  high  valley  system  as  was 
formerly  noted  in  the  Upper  Kern  basin.  (2)  The  absence  of 
alluvial  cones  where  the  valley  terraces  prevail.  (3)  The  promi- 
nence of  alluvial  cones  between  Tobias  Creek  and  Kernville 
where  the  valley  remnants  fail.  (4)  As  an  inference  from  these 
facts  a  probable  rather  acute  diastrophic  disturbance  of  the  latter 
stretch  of  the  canon  on  its  west  side. 

The  geomorphic  features  of  the  east  side  of  the  Kern  Caiion 
from  the  vicinity  of  Kernville  to  the  mouth  of  the  Little  Kern 
are  in  remarkable  contrast  to  those  of  the  west  side.  In  general 
the  east  side  of  the  caiion  is  more  precipitous  than  the  west  side, 
and  it  appears  to  be  the  edge  of  a  high  uneven  plateau.  The 
streams  are  shorter  and  frequently  fall  in  cascades  over  the 
steeper  portions  of  the  canon  wall  in  notches  of  no  great  depth. 
The  Kern  in  the  first  twentv  miles  of  the  stretch  under  consider- 
ation  is  crowded  to  the  east  side  of  the  caJaon  by  the  large  alluvial 
cones  on  the  west  side  and  similar  cones  are  only  feebly  developed 
on  the  east  side.  These  facts  indicate  in  themselves  a  rather 
striking  contrast  in  the  geomorphic  aspects  of  the  two  sides  of 
the  caiion,  but  the  most  notable  feature  of  the  east  side,  and  one 
which  is  entirely  absent  on  the  west  side,  is  a  series  of  high  and 
prominent  ridges  and  butte-like  peaks  which  are  arranged  along 
the  canon  side  in  an  almost  straight  line.  These  ridges  and  buttes 
extend  along  the  whole  length  of  the  canon  from  near  Kernville 
to  the  Little  Kern.  They  lie  within  the  canon  and  reach  in  gen- 
eral from  about  one-half  to  two-thirds  the  height  of  the  canon 
wall,  and  they  are  separated  in  each  case  from  the  main  caiion 
wall  by  a  defile  or  col  which  is  generally  several  hundred  feet 
lower  than  the  summit  of  the  ridge  or  butte.  Between  these 
ridges  or  buttes  flow  transversely  the  affluents  of  the  Kern  from 
the  notches  in  the  main  canon  wall.  The  entire  series  presents 
the  appearance  of  a  continuous  ridge,  separated  from  the  main 
canon  wall  by  an  equally  continuous  narrow  defile,  which  has 
been  dissected  by  the  affluents  of  the  Kern  which  now  pass 
through  it.  In  attempting  to  explain  these  remarkable  features 
the  writer  has  considered  several  hypotheses.  It  is  possible  that 
they  might  have  originated  wholly  by  the  subsequent  erosion  of 
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lateral  braiicbwt  of  the  atHui'iits  of  the  Kern  if  we  suppoiw 
existence  of  a  zoiie  of  esoeptioiial  weakiw'ss  puriilleltog  the  mi 
eailun  wsIL  Such  a  zone  of  exceptiona]  xusceptibiUty  to  str«i 
4>roxiaii  might  inhere  in  the  (Jiaract«r  of  the  rocks  thitiwel' 
it  miKht  he  piiPt-ly  it  slrnclural  featnre  Hiieb  as  a  rift,  whieh,  it 
may  be  recalled,  wnn  found  to  i-?i»t  nlong  the  eafion  of  the  Upper 
Kern  in  what  18  prnelieally  the  projection  of  the  lini-  \ 
HOW  eoufiidering.  Ah  tvgards  the  possibility  of  a  mjdp  of 
iiess  in  th«  rocks  themselves,  it  ia  to  he  noted  tlint  for  »' 
mites  alony  the  (;afion  of  the  Kern  there  ia  a  belt  of  cr3Fstalline 
aohisiU  which  is  siuiik  down  into  the  granitic  roeka  of  the  region 
in  much  the  same  way  »h  is  the  similar  belt  of  schists  at  3lin< 
Kin^  deserilied  by  Knopf  and  Thplen,"  Those  schists  lire,  howt 
coniinuii  to  both  sides  of  the  oafion,  wherciis  the  iKH'uliiir  fviitiii 
noted  arc  confined  to  the  east  aide.  In  several  eawes,  noted 
from  the  trail  on  the  went  side  of  the  canon,  the  rid^RH  and  hnl 
are  composed  chiefly  of  crystalline  schists,  in  other  cases  of 
mixture  of  cryi4talline  schists  and  granitic  rocks,  and  in  otl 
cases  toward  the  upper  end  of  the  caiiou  they  nppoar  to  he 
posed  chiefly  of  ffranitic  rocks.  It  would  appear,  therefore,  that 
tb<'re  is  nn  pood  warrant  for  assuming  a  zone  of  weak  rncKs 
whieh  mipht  be  easily  removed  by  subsequent  erosion  ao  as  to 
Iirndncc  in  stniiirht  alifriiment  the  series  of  defiles  which  separate 
llii'si'  I'idges  and  biittcs  from  the  main  canon  wall.  Moreover,  if 
such  a  zone  of  weak  rocks  esisted,  it  would  undoubtedly  have 
Ir'i'Ti  discnvcrcd  by  the  Keni  in  the  course  of  its  downward  corra- 
siiin  and  hiivc  becoiiio  the  main  line  of  eafion  cutting.  But  the 
main  coiir.se  of  tlic  canon  cros.ses  granite  and  schists  indifferently 
arid  has  evidently  nut  been  greatly  influenced  in  its  course  by 
peculiarities  of  these  n>eks. 

\Vc  are  fnnvd,  then,  still  under  the  a.ssumption  that  the  series 
111'  dcfili'-s  is  due  to  subsequent  (»rrasion  along  a  line  of  weakness, 
to  tlic  view  that  the  weakness  postulated  must  be  structural,  a 
Hoc  wbicb  is  ciiiiiruon  to  both  granite  and  schists.  Sueh  a  struc- 
liirai  line  rtiiirbt  liavc  existed  |>rior  to  the  development  of  the 
Kcii]  Canon,  oi'  it  iriay  have  come  into  existence  after  the  canon 
trench  ill  its  main  features  had  been  established.     If  the  tirst 


BULL     DePT     GEOL     uni'J.  CAL. 


^ 

^m 

-J      -^^^H 

i 

'& 

ii^ 

Vol.  4]  Lawson, — Features  of  the  Middle  Kern.  407 

were  the  ease,  then  it  is  difficult,  as  before,  to  see  why  it  should 
not  have  determined  the  main  line  of  canon  corrasion  instead  of 
the  one  now  followed  by  the  stream.  If  the  supposed  structural 
line,  a  rift  for  example,  had  come  into  play  after  the  main  canon 
trench  had  been  deeply  incised,  results  might  ensue  by  subse- 
quent corrasion  which  would  be  consistent  with  the  facts 
observed.  We  have  in  this  set  of  assumptions,  therefore,  a  pos- 
sible explanation  of  the  phenomena.  It  is,  however,  less  prob- 
able than  another  hypothesis  discussed  below. 

Another  hypothesis  which  the  writer  attempted  to  apply  was 
suggested  by  the  resemblance  of  these  features  to  the  kernbuts 
of  the  Upper  Kern  and  the  passibility  of  their  having  the  same 
origin  was  considered.  The  analogj^  of  these  features  with  the 
kernbuts  breaks  down,  however,  under  examination.  In  the 
Upper  Kern  Canon  the  kernbuts  cause  constrictions  in  the  canon 
and  in  the  interval  between  them  the  caiion  bottom  has  its  full 
width.  In  the  case  of  the  ridges  and  buttes  of  the  Middle  Kern, 
the  width  of  the  lower  portion  of  the  canon  is  not  affected  by 
their  presence.  The  intervals  between  the  buttes  and  ridges  are 
purely  erosional  products  and  the  prominences  which  are  thus 
separated  cannot  be  regarded  as  portions  of  a  long  narrow  fault 
block  which  have  failed  to  sink  as  far  as  the  intervening  portions. 

There  are  two  other  hypotheses  which  must  be  examined  as 
possible  explanations  of  the  phenomena  under  consideration. 
Both  of  these  involve  faulting  and  they  differ  essentially  in  the 
position  of  the  fault,  its  hade,  and  the  direction  of  the  down- 
throw\  The  first  of  these  supposes  that  the  long  but  now  dis- 
sected defile  w^as  originally  the  trench  of  the  Kern,  and  that 
when  in  the  course  of  its  downward  corrasion  it  had  reached  this 
depth,  a  fault  occurred  on  the  west  side  of  the  canon  with  a 
downthrow  to  the  west.  In  this  way  a  troujzh  might  be  formed 
deeper  than  the  trench  of  the  Kern  and  into  this  the  drainage 
would  naturally  flow  leaving  the  old  channel  stranded  above  the 
brink  of  the  new^  diastrophic  canon.  The  erosional  modification 
of  this  stranded  channel  and  of  the  ridge  between  it  and  the  new 
channel  might  give  us  the  feature  we  are  seeking  to  explain. 

The  second  hypothesis  states  that  after  the  canon  of  the 
Middle  Kern  was  well  advanced,  a  fault  occurred  within  the 
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canon  but  on  the  i-aKt  side  with  downthrow  to  the  east.  Th«  1 
trough  thus  formed  was  not  as  deep  ss  the  canon  when  the  dislo-  I 
i-ation  oficurred.  Agaiu  by  erosional  modification  of  the  purely  ■ 
diastrupliic  fcatureB  the  present  forms  would  be  evolved-  In  this 
case  the  notches  in  the  ridge  between  the  older  erosional  eaiion 
Jind  the  new  diastrophie  trough  would  be  antecedent  to  the  disio- 
eation  and  would  correspond  to  the  affluents  of  the  Kern.  In 
making  a  ehoice  between  tliese  two  diastrophie  hypotheses  the 
facts  which  have  been  narrated  in  the  earlier  part  of  this  paper 
seem  clearly  to  limit  us  to  the  second.  It  has  been  shown  that  I 
from  the  south  end  of  Walker  Basin  through  Havilah  Valley,  I 
and  Hot  Springs  Valley  on  the  same  line  as  that  on  which  the 
Middle  Kem  flows,  there  has  been  a  very  notable  downthrow 
to  the  east  and  an  uplift  to  the  west  along  a  north  and  south 
fault.  It  would  seem  necessary,  therefore,  if  we  resort  to  fault- 
ing to  account  for  these  remarkable  geomorphic  features  of  the 
canon  of  the  Middle  Kem  that  we  must  adopt  the  fault  hypo- 
thesis which  gives  us  the  same  downthrow.  By  doing  this,  moi-e- 
over,  the  series  of  ridges  and  buttes  which  adorn  the  east  side 
of  the  eaiion  of  the  Kem  consists  with  and  is  the  perfect  analogue 
of  the  median  ridge  of  Hot  Springs  Valley  from  the  genetic 
point  of  view.  The  same  considerations  which  favor  this 
hypothesis  as  af;ainst  the  one  which  postulates  downthrow  to 
the  west  on  a  fault  on  the  west  side  of  the  eaiion  are  adverse 
to  the  fii-st  hypothesis  emisidered.  viz :  the  evolution  of  the  trough 
or  dctiJc  by  purely  ei-osioua)  processes  aloufr  a  rift  developed 
within  the  cafioii  hut  without  dislocation.  The  fiiult  line  along 
which  the  country  was  downthrown  to  the  east  fruiu  Walker 
Biisin  to  Kernville  would  pass  strai^'ht  up  the  cafion  of  the 
Middle  Kcni  and  there  seems  to  be  no  gi>od  reason  for  d'lubting 
tli;it  llic  peculiar  features  of  the  canon  arc  just  as  uiiich  the 
i-e.sult  of  that  faulting  as  are  the  cijually  rcninrkahle  tVatures 
described  lo  the  south  of  Kernville. 

The  r|ueslion  now  arises:  Is  the  occurrence  of  a  fault  within 
the  canon  of  the  Kern  and  strictly  coincident  with  it  in  direetiou 
Tdoi'c  than  a  coincidence?  In  view  of  the  observations  made  on 
l)ii'  rj)|)er  Kern*  it  is  clear  that  it  is  not  laerely  a  coinridcmc. 

-  OiK  at. 


Vol.  4]  Lawson. — Features  of  the  Middle  Kern,  409 

For  the  Upper  Kem  the  conclusion  was  reached  that  the  canon 
had  been  controlled  as  to  its  course  by  a  rift  line  antedating  the 
caiion  and  that  at  a  later  period  faulting  had  occurred  along 
this  rift  with  partial  engulfment  of  a  narrow  orographic  block 
or  wedge.  The  Middle  Kern  lies  along  the  southward  projection 
of  this  rift  line  through  the  Trout  Meadows  defile,  and  there 
seems  little  room  for  doubt  but  that  its  course,  like  that  of  the 
Upper  Kern,  was  determined  primarily  by  a  great  north-south 
crustal  rift.  At  a  later  period  when  the  caiion  had  been  deeply 
incised  the  region  was  deformed  and  dislocation  was  effected 
along  the  general  line  of  the  rift. 
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INTRODUCTION. 

The  existence  of  a  belt  of  copper  deposits  along  the  western 
foothills  of  the  Sierra  Nevada  has  lon<^  been  known,  but  its 
economic  importance  has  been  overshadowed  by  the  richness  of 
the  Gold  Belt  immediately  to  the  east  of  it,  and  by  the  extensive- 
ness  of  the  copper  de[)osits  of  Shasta  County. 

Owing  to  the  discovery  of  rich  cnrbonatc^  croppiiius  in  Cala- 
veras County,  California  experienced  an  intense  copper  excite- 
ment as  early  as  ISGl.  Upon  the  exhaustion  of  the  oxidized  ores 
a  period  of  stagnation  and  idleness  ensued,  lastin<i'  well  up  to  the 
present  time.  Only  within  the  past  decade  has  an  extensive 
exploitation  of  the  unaltered  sulphide  bodi(\s  commenced,  notably 
at  Campo  Seco  and  Copperopolis.* 

*  For  an  account  of  the  historical  and  economic  features  of  the  cop[»or 
resources  of  the  State,  Bull.  23  of  the  Cal.  State  Mining  Bureau  should  be 
consulted. 
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The  fomintiuiiH  of  the  Sierra  Nevada  repinn  are  according  to 
tilt-  TTnilt-d  Stall's  Giwlojrical  Survey  ip^uped  together  as  the 
Hednwk  Complex  nnd  the  Superjacent  Series.  The  Superjacent 
St/ries  is  composed  of  the  Tertiary  iiuriferous  pravels  of  tluviatile 
oriiiin,  and  the  succeeding  heavy  neenmulations  of  rhyolite*. 
KudL-sit'.'s,  and  baaaltn.  all  rcstinp  upon  the  eroded  edges  of  the 
Bednx'k  Coniplpx.  Thui  Complex  includes  a  succession  of  closely 
appressed  rocka  in  hells  paralleling  the  general  trend  of  the 
range,  and  dipping  steeply  towards  its  axis.  They  compriiej 
quartzitoi  and  microcryBtalline  mica  schists  (Calaveras  formftf 
tioji.  Carboniferous),  black  clay  slates  (Mariposa  formatioi 
t'pper  Jurassic),  meta-andesites  and  their  schistose  equivnlenta 
At  the  close  of  the  Jurat«ie  these  were  all  extensively  intrude 
by  plutonic  magmas,  chiefly  granodorites  and  peridotites. 

The  nieta-andesitea  nnd  their  asaociat«i  pyroclastics  oft« 
attain  enormous  thicknesses,  freqently  reaching  five  miles,  willl 
out  doubl,  however,  due  in  great  part  to  folding,  althouhrh  as  ' 
yet  unrecojinized  in  the  field."  In  the  earlier  folios  of  the  Gold 
Belt  they  were  mapped  as  diabases  and  augite  porphyrites,  but 
in  the  later  publications  (notiiMy  the  Mother  Lode  Folio,  P.  L. 
Eansome)  they  were  designated  meta-andeaites  in  order  to 
ciiiphiisiKc  tlicir  cssi'iitiiilly  extrusive  ehariR'ter.  Their  exact  posi- 
tion in  the  .slniliirraphic  folunin  is  still  a  moot  point  in  the  geol- 
ogy of  the  SiiTra  Nevada,  though  the  evidence,  both  petnj- 
gniphic  an<l  strjitigraphic,  favoi's  »  hite  -hira-Trias  ago  for  tlu' 
bulk  of  the  series. 

\Vi'  pivipose  III  (.icscril).'  ihc  copper  deposits  in  gcogrjiphic 
order  frnm  noi'tli  1o  soolli.  A  uuiiiber  ..f  small  idle  or  uiiwork.Hl 
pro.s|M.<-ls  «-..n..  n<.t  vi.'^ited. 

M'KNCKVIl.L.E,  NKVAO.V  nU.N'TV,  .4ND  VR'INITV. 

North  of  Spcnceville  toward  the  head  of  Little  Dry  Creek 
uuiiiiiinis  iMijijier  jivosjierts  hiive  been  ojjened  up  in  the  loeta- 
aij'li.'-ilis.  Tile  i-uiiiitry  rock  is  usually  uuL-^sive,  but  in  tbe  viciii- 
ily  III'  ill.'  i'ii|i|iri'  d('|iiisits  lias  brcu  slii-keiisided  and  shciircd.  and 
li,ll>  i.r  sIiiiM-l.v  fiilialfd  cbloiilii-  sibisls  up  to  4  feet  thick  have 
liiiii  ptiiilo.-ril.     The  strike  is  N.  45^   \V.  and  the  dip  verlieal- 
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Clay  and  gouge  are  frequent,  as  on  the  other  hand  are  lenses  of 
massive,  unsheared  rock  in  the  midst  of  the  schists.  The  ore 
consists  of  chalcopyrite  in  a  gangue  of  a  spherulitic  zeolite  (Sp. 
gr.  2.17)  replacing  a  chlorite  schist.  The  microscope  shows  radial 
stilbite,*  quartz  charged  with  liquid  inclusions,  areas  of  chlorite, 
often  consisting  of  small  partially  developed  spherulites.  and 
accessory  epidote  and  calcite.  The  most  nearly  massive  wall  rock 
obtainable  is  composed  largely  of  green,  reedy  hornblende, 
chlorite,  highly  altered  plagioclase,  and  accessory  epidote,  pyrite, 
and  magnetite. 

At  Spenceville  the  ore  body  occurs  in  andesites  whose  extru- 
sive character  is  readily  apparent.  Facies  carrying  numerous 
quartz  amygdules  occur  in  the  bed  of  Little  Dry  Creek,  and  the 
cryptocrj'stalline  facies  on  the  brow  of  the  hill  just  behind  the 
mine  dump  is  rich  in  epidote  amygdules.  A  few  hundred  feet 
to  the  west,  however,  typical  ophitic  diabase  occurs.  This  has 
been  cut  by  fine  grained  dykes  of  similar  chemical  composition. 
The  dykes  show  that  minor  faulting  has  taken  place,  not  exceed- 
ing half  a  foot  in  individual  cases.  Some  two  hundred  feet  east 
of  the  Spenceville  mine  the  greenstones  are  intruded  by  a  large 
granodiorite  boss.  Lindgren  has  characterized  the  Spenceville 
deposit  as  a  **  local  massing  of  copper  on  the  granodiorite 
contact. '  't 

The  mine  has  been  a  quite  large  producer  in  the  past,  but  is 
now  idle  and  filled  with  water.  From  report  it  appears  that  the 
ore  body  consisted  of  one  huge  kidney  of  chalcopyrite  which 
pinched  out  in  depth. 

PINE  MILL,  NEVADA  COUNTY. 

This  locality  has  been  described  i)y  Lindgren,  who  drew  atten- 
tion to  the  unusual  fact  that  here  barite  acts  as  a  carrier  of  gokl.t 
The  deposit  was  characterized  as  of  the  geueral  type;  'Sxins  and 

*  The  optical  properties  of  tliis  zeolite  diverge  from  those  of  stilbite  in 
two  important  particulars;  it  shows  an  absorption  equal  to  that  of  muscov- 
ite,  and  displays  brilliant  interference  colors  of  the  2ud  and  3rd  orilers. 
Otherwise  the  physical  and  chemical  properties  are  identical  with  those  of 
stilbite. 

t  Smartsville  Folio. 

t  W.  Lindgren,  The  Gold  Deposit  at  Pine  Hill,  California;  A.  J.  S.  3rd 
ser.,  vol.  XLIV.,  pp.  92-96,  1892. 
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seams  of  baritc,  carrj*in|i;  pnld  and  silver,  distributed  through  b^ 
kaoliuized  zone  in  ditibatu?  wnd  diabase  i>orphyrite. "  Since 
tuore  development  work  has  been  done,  but  at  present  the  iniae  i 
is  tied  up  by  lififjation.  and  Ihe  shafts  Hooded  with  water. 

Pine  Hill  itself  consists  of  augite  andesites,  ophitie  diabases,  \ 
aiiiy(!(.lnloida,  and  tuffs.  Intereainted  with  the  porphyries  is  a 
lens  of  fissile  black  alate  50  feet  tWck,  Near  the  summit  of  Pine 
Hill  the  tuffs  have  beeu  crumpled  and  breceiated.  This  has  been 
the  locus  of  most  intense  mineralizing  activity.  Extensive  gossan 
eroppings  often  containing  much  heavy  spar  have  formed.  Large 
masses  of  pure  solid  barite  occnr.  The  gossan  when  panned  yields 
numerous  coarse  colors  of  gold.  The  pure  barite  assays  $2  per  • 
ton.  I 

Tunnels  run  into  the  hill  show  that  the  porphyries  have  been  * 
thoroughly  leached  by  sulphuric  acid.  They  still  retain  their 
porphyritie  aspect,  liut  rire  soft  enough  to  be  kneaded.  A  very 
white  kaolin,  theoretically  pure,"  is  of  frequent  occurrence,  but 
seems  limited  to  zones  of  movemeut.  This  movement  may  be 
correlated  with  the  arching  upward  of  the  floora  of  abandoned 
drifts — 1  foot  rise  in  4i  feet.  The  tunnels  show  that  the 
porphyry  has  been  fractured  and  stained  with  iron  oxide  along 
llu'  eriicks  and  fis-fures.  At  open  Kpaces  porous  pinty  masses  of 
liiiiuniti'  liave  furiiit-d.  jini]  lying  loosely  upon  these  arc  nimicrniH 
sNiiill  ylassy  crystals  of  barite. 

Till'  i.'os.sini  liiiis  Ion;.'  been  mined  as  a  free  milling  gold  ori-. 
At  "o  to  IIHI  feet  ill  depth  oxides,  carbonntes.  and  native  copper 
weiv  encountered,  and  the  barite  disajipcared.     Tlie  eopper  nn- 
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Ihiir;,  l-\ir,ji  Mm,  .—A  liir^c  lens  of  solid  pyritc  (id  feet  thick, 
iiryin^'  L'  per  i-cnt,  copp.T.  pai'allel  to  tlie  foliation  of  the  encln>- 
*  W.  Linilyruu,  loc.  cit. 
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in?  schists,  is  reported  from  here.  Amphibolite  schist  is  the  pre- 
vailing countrj^  rock,  but  numerous  lenses  of  quartz  porphyry 
schist  occur  in  the  immediate  vicinity. 

Valley  Vietv  Mine. — The  ^rossan  deposit  here  has  been  worked 
for  f?old  durinp:  many  years.*  At  prreator  depth  chalcopyrite  and 
covellite  were  struck.    Develo]Miient  is  in  active  pro2:ress. 

The  ofossan  occurs  in  a  quai'tz  porphyry  schist  lens,  some  three 
hundred  feet  wide  and  nearly  a  thousand  feet  lonjr,  intercalated 
in  the  prevailinpr  amphibolite  schists. 

Cedar  Mine,  near  Wolf  Crfrl\ — The  country  rock  is  meta- 
andesite  and  au<rite  poi-phyiy  tuff,  roughly  schistose  N.  60*^ 
W.  The  ore  is  chalcopyrite  in  a  <ranpnie  of  quartz  and  calcite. 
The  vein  is  a  sti'onir  fissure  vein,  about  20  feet  wide,  breaking 
at  rijrht  an^rles  acrass  the  country.  Inclusions  of  country  rock 
occur  in  the  tranjrue.    The  property  is  at  present  idle. 

Two  miles  south  of  this  is  the  Ace  Mine,  also  idle.  The  shafts 
are  sunk  upon  a  minei'alized  shear  zone  in  the  otherwise  massive 
meta-andesite. 

CAMPO  SECO,  CALAVERAS  COUNTY. 

Just  west  of  the  Campo  Seco  copper  mines  is  a  belt  of  black 
clay  slates  (Upper  Jurassic  a^ret).  Passinjr  eastward  across  the 
strike  these  ^rraduate  by  an  easy  transition,  as  seen  at  the  old 
engine  house,  into  tuffs  and  coarse  breccias,  more  or  less  schistose. 
A  typical  specimen  of  these  greenstone  schists  examined  micro- 
scopically showed  a  large  abundance  of  chlorite  and  epidote, 
especially  the  latter,  and  a  few  small  plagioclasc  feldspars.  Inter- 
calated with  these  breccias  are  some  green  glassy  slates,  well 
exposed  along  the  Mokelumne  River.  In  this  section  they  are 
found  to  be  irregularlv  lavered,  consisting  of  calcite  and  chlorite. 
A  little  quartz  was  noted,  as  also  some  clouds  of  magnetite  dust. 
These  rocks,  therefore,  represent  inetanioi'phosed  calcareous  tuft's. 
The  breccias  are  frequently  quartz-bearing,  and  are  probably  the 
ejectments  of  a  dacitic  magma.    Their  thickness  is  1000  feet. 

These  are  succeeded  by  quartz  porphyry  flows,  which  in  turn 
are  succeeded  by  schistose  greenstone  breccias.    To  the  eastward 


*  W.  Lindgren,  Sacramento  Folio, 
t  H.  W.  Turner,  Jackson  Folio. 
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lip«vy  BcinimijlntionB  of  aurifermis  gravels  mantle  tht^  WrJroi-k 
geology.  Along  tlip  btntTx  of  the  Mokelumne  River  and  in  the 
region  north  of  the  river  the  greenstone  schiBta  are  literally 
charged  with  long  uugular  fra^rments  of  an  aphonitic  quartz 
porphyry  in  whieh  the  quartz  phenocryste  ai*  small  and  infre- 
quent. 

The  tjuartK  porphyry  flows  are  the  eopper  hearing  members. 
In  the  expoBures  along  the  river,  especially  on  the  north  bunk, 
the  baw!  of  the  quartz  porphyrj-  is  found  to  interleave  with  the 
green  glossy  alate.  and  v/itb  coai-se  angular  breccias.  Id  the  vicin- 
ity of  the  new  shaft  two  main  flows,  separated  by  300  feet  of 
tuflTs.  are  discriminuble.  A  few  hundred  feet  to  the  sonth  they 
become  I'onfluent,  but  diverge  almost  immediately,  becoming 
separated  by  a  mass  of  greenstone  schists  whose  coarsely  pyro- 
elastic  character  is  still  obviously  patent. 

The  quartz  porphyries  have  as  a  general  rule  been  very  thor- 
oughly foliated,  though  some  nnsheared  lenses  have  escaped 
metaniorpbisiu.  The  sehistosity  is  occasionally  crumpled  and 
bent  back  on  itself,  and  a  slip-strain  cleavage  produced.  The 
uiwheared  rock  is  remarkable  on  account  of  the  abundance  of* 
large  quartz  phenocrysts,  in  a  light  flinty  groundmass.  In  addi- 
tion to  the  quartz,  the  microscope  shows  some  porphyritic  plagio- 
.-lasu  I  Hi",  iiiiixiiMuiii  syiimictrii'iil  exliiielion).  orthoelasc  in 
nearly  equal  innouiit.  mid  a  few  clilorite-epidote  aggregates,  whieh 
iiLJiy  luissilily  represent  former  ferromagnesian  minerals.  The 
grimnditiass  i.s  a  m ie roe rystal line  aggregate  of  feldspar,  part  of 
whieh  is  striated,  abundant  diloritie  matter  in  small  Hakes,  and 
soini-  iiiairnetite.  A  few  rather  large  grains  of  ehakwite  were  alsn 
niiteil.  Min.-ralogieally  and  strudurally.  the  I'oek  may  bo  desig- 
nateil  a  quartz  nionzonite  jiorpbyry." 

The  rullnwiiig  is  described  as  a  type  uni'iunmon  at  Cainpo 
Sei'ii.  Tile  niek  is  a  dark  colored  ([iiartz  porphyry  upon  whuse 
tJuw  banding  a  nide  foliation  has  been  snperinipixwd.  fnder  the 
iiiieniseuj^e  is  irvealed  all  intricate  Huidal  struelure  cbaracteristie 
of  .stillly  innvin^r  aeiii  vnleanies.  Quartz  phenoeiysts  are  numer- 
ous, hut  bijiyianiidal  forms  ai'c  wanting.  Certain  minor  How 
bands  rnnsi.st  of  magnetite,  while  others  are  rendered  opaque  by 

■  \V.  I.iinlgiTii,  Moll.  4^,  V.  S.  C.  S.,  i>.  HI. 
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magnetite  dust.  A  few  small  magnetite  phenoerysts  are  involved 
in  the  convolutions  of  the  flow  lines,  much  like  the  niuneroua 
larger  quartzes.  The  flow  bands  are  feebly  polarizing  mosaics, 
probably  cryptocrystalline  quartz  and  feldspar.  Epidote  grains 
are  abundant  in  some,  or  yellowish  chlorite  in  others,  or  both 
together  in  yet  others. 

Numerous  auf?en  of  glassy  quartz  in  a  highly  schistose  mnti'ix 
of  talcose  appearance  is  the  most  characteristic  feature  of  the 
sheared  quartz  porphyries.  The  schists  from  the  mine  workings 
are  very  light  colored  with  a  tinge  of  bluish  green.  Under  the 
microscope  the  original  bipyramidal  character  of  the  quartz  is 
often  recognizable.  ]\Iany  of  the  quartzes  have  been  affected  by 
a  process  which  gives  them  a  frayed  appearance :  short  streamers 
of  quartz  have  grown  out  from  the  main  mass  of  the  phenocryst 
parallel  to  the  schistosity.  The  matrix  consists  of  quartz  and 
sericite  intimately  intei'woven.  Sections  cut  parallel  to  the  schis- 
tosity show  aggregate  polarization  of  a  scaly  character.  The 
interference  tints  are  quite  low  (yellow  to  gray),  which  may  be 
due  to  a  compensatory  effect  of  overlapping  scales  of  finely  foli- 
ated sericite.  The  talc-like  mineral  fails,  however,  to  react  for 
alkalies,  but  yields  silica,  alumina,  and  water  at  high  tempera- 
tures. It  appears  probable  that  with  the  sericite  a  large  amount 
of  a  hydrous  aluminum  silicate  mineral  is  present. 

The  chalcopyrite  present  in  the  quartz  porphyry  schists  has 
been  sheared  along  with  the  other  minerals,  appearing  now  as  a 
plating  between  the  foliation  i)lanes.  In  this  section  it  is  seen 
to  occur  in  long  narrow  streamers  conforming  to  the  schistosity, 
except  where  partially  replacing  quartz  phenoerysts. 

At  the  site  of  original  location  (malachite-azurite  croppings) 
some  barren  lenses  of  vein  quartz,  1  to  2  feet  long,  occur  in  the 
schists.  Certain  unschistificd  horses  of  quartz  porphyry  have 
escaped  mineralization,  but  have  undergone  a  profound  meta- 
somatic  alteration.  The  original  glassy  (juartzcs  of  the  (piartz 
porphyry  now  ai)pear  as  phenoerysts  in  a  cryptocrystalline 
ground  of  silica.  lender  the  microscope  this  gi'ound  is  shown  to 
be  composed  of  fine  granular  quartz,  portions  of  which  assume  a 
rude  form  of  the  **retiform  structure'^  of  Spurr.  Some  minute 
fibres  of  white  mica  can  be  detected  under  the  highest  power. 
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Tlif  lar;;p  iftiartz  phenocryst^  ^Smm)  visible  iiHiflroNcopiRHlly.  1 
fri'iiumtlly  kIidw  in  thin  swtion  thf  anionthly  roundini  < 
I'harHPlmntip  iif  porphyritii'  i|uurtz  modified  by  matmuitic  corro- 
sion.   In  one  particular  inntonce,  however,  the  metflsomatie  alter- 
ation of  the  proiindmass  has  also  affected  the  phenocryst.     In  "J 
this  case  the  quartz,  which  possesses  a  ver>"  nearly  perfect  hexa-  ' 
^orI  outline  «8  indicated  by  a  peripheral  arrangement  of  inclu- 
sions, is  Bnrrounded  hy  a  narrow  zone  of  secondary  quartz  in 
optical  eontiunily  with  itself,  but  fadinp  irrepnlarly  into  the 
(|UHrti'.  of  the  ^roiindmiiss. 

The  tirHt-clnss  on>  at  Campo  Seco  consists  of  chalcopyritti 
running  about  S  to  10  per  cent.  zinc.  The  ore  is  often  banded  f 
with  black  granular  sphalerite.  The  gold  content  varies  from 
one  to  three  dollars;  the  silver  values  are  about  the  same.  In 
spite  of  the  greater  losses  in  the  metallurgical  treatment  with 
hiph  sdne  content,  it  is  found  that  the  gold  and  silver  values 
increase  with  the  amount  of  zinc  present. 

The  ore  bodies  are  lenticular  in  shape,  and  attain  a  maximum  j 
thickness  of  30  feet.  I 

(xippEROPciLis,"  c.vla\t:ra3  county.  ' 

The  meta-andesite  belt  attains  a  great  thickness  here,  and 

displays  in  nnu.suai  perfection  the  evidence  of  its  extrusive 
oriijin.  Vjirious  aniy;rdaloids.  coarse  breccias,  and  tuffs  tjraduat- 
ini;  into  clay  slates  larirely  preponderate  over  the  massive  por- 
phyi-ics.  In  addition  to  the  angular  blocks  of  andesite,  and  at 
times  t'r;ii;iiitntMl  iiUitftz  porphyry,  the  breccias  arc  often  thickly 
.-nnvile<l  with  L'laiiilic  material — hornblende  gneiss,  dioritcs.  and 
huiiiblciniitcs.  The  intimate  association  of  the  clay  slates  with 
the  finer  pyi'oclastics  siiL'L'ests  a  possible  submarine  ori^'in  for 
lh<-  eiilin-  series.'  Dyjiamie  nioveiiienls  have  affected  the  reiri"ii. 
shrariiiL'  tin-  massive  vulejinics  but  sliiibtly.  while  often  imposini; 
a  very  lii.)roui;li  si-bislnsity  upon  the  tiiicr  tuffs,  parallel  to  the 


1 


l<.-<ldin: 
The 


uilis  I.oile,  whic 
cupies  a  rather 


has  been  traced  over  a  leuLrth 
crsislent  horizon  of  clay  slates, 
nd  eblnrite  schists  whose  width 


Vol. 4]  Knopf.— Foothill  Copper  Belt.  419 

approximates  100  feet.  Within  this  zone,  however,  typical  augite 
porphyrites  and  coarse  breccias  may  occur,  as  the  croppings  at 
the  Empire  shaft  show.  The  general  strike  is  N.  60°  W.,  and 
the  dip  61°  to  the  northeast. 

Four  thousand  feet  south  of  the  Union  shaft  (the  present 
hoisting  shaft)  is  found  a  small  gabbro  boss,  which  from  the 
nature  of  its  inclusions,  is  determined  to  be  intrusive  in  the  green- 
stones of  the  footwall  country.  The  gabbro  ccmsists  essentially 
of  abundant  diallage,  often  altered  to  actinolite,  and  basic  plagio- 
clase  feldspars,  largely  converted  to  aggregate  of  minute  zoisite 
prisms.  Toward  the  southern  end  of  the  boss  a  more  basic  modi- 
fication of  the  gabbro  is  met  with,  which  may  descriptively  be 
designated  a  feldspathic  hornblenditc.  A  similar  rock  occurs 
in  small  isolated  croppings  200  feet  southeast  of  the  mill  in 
the  hanging  wall  of  the  lode,  surrounded  by  schistose  augite 
porphyries.  The  hornblenditc  here  consists  of  numerous  stout 
hornblende  prisms  bound  together  by  a  mesostasis  of  basic  plagio- 
clase  feldspars  which  poikillitically  enclose  small  perfect  idiomor- 
phic  hornblendes.  This  hornblenditc  is  cut  by  a  system  of 
quartzose  biotite  granite  dykes.  The  main  gabbro  boss  is  intruded 
by  thin  albite  dykes  containing  some  faintly  pink  zoisite.  At 
two  points  on  the  periphery  of  the  gabbro,  and  on  opposite  sides 
of  the  boss,  are  lenses  of  serpentine,  not  exceeding  30  feet  in 
thickness.  Discrete  areas  of  this  serpentine,  attaiiiing  a  maxi- 
mum wudth  of  60  feet,  appear  intermittently  along  the  footwall 
of  the  lode  as  far  north  as  the  Union  shaft.  It  is  occasionally 
altered  to  a  talc  schist.  Along  the  footwall  are  also  limited  expos- 
ures of  a  deeply  decayed  rock  of  granitic  habit,  which  fresher 
samples  from  the  mine  workings  show  to  be  a  quartz  monzonite. 
The  greatest  thickness  exposed  is  50  feet,  and  the  northernmost 
cropping  is  4000  feet  nortli  of  tlie  Union  shaft,  or  about  8000 
feet  north  of  the  gabbro  boss.  The  mutual  relations  of  the  quartz 
monzonite  and  the  serpentine  were  not  discoverable.  The  quartz 
monzonite  is  intrusive  into  the  chlorite  schists  of  the  lode,  the 
actual  contact  showing  a  limited  degree  of  fusion  and  assimila- 
tion over  an  inch  or  two.  The  quartz  monzonite  is  composed  of 
hornblende  and  biotite,  both  entirely  chloritized,  oligoclase,  and 
orthoclase  in  equal  amounts,  and  abundant  quartz,  with  accessory 
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apiilili'.  Kircon,  and  nhalpopyrito.  which  by  preferenct-  n-plac** 
thfi  Hiloritc.  The  quartE  moitzniiito  shows  evidence  of  severe 
iiiovemfiit  «nd  fractnring,  and  is  often  highly  sulphuretted. 

Another  type  of  i^nicuus  rot-k  is  found  in  the  hanging  wall 
wmiilry  just  east  of  the  mill.  This  m  an  aphanitio  white  rock, 
httavily  pyritixed.  showing  a  few  small  glassy  feldspnra,  which 
thi'  uitcrofti'Ojic  shows  to  be  largely  orthoelase.  It  inay  repn-si-nt  an 
offshoot  from  the  ipiiiHx  tuntizonite.  which  a  prospect  shaft  shows 
is  intrusive  in  the  greenRtnni?^  a  hundred  f«pt  or  so  to  the  oast. 

Northward  from  the  original  location  the  Gopporopolis  Lode 
oocupies  the  centt-r  of  a  broad  strike  valley,  to  the  south,  it  forms 
the  summit  of  a  low,  gentle  ridge.  At  present  the  ores  are  beingi 
entirely  hoisted  from  the  northern  portion  of  the  lode,  oonsiaui 
ing  of  microcryslalline  chlorite  schists  (locally  knonii 
pyritous  slates"} ;  in  the  southem  portion  the  ore  rock  is  thoiv: 
ougbly  seamed  with  quartz  stringers,  which  hy  their  rtaistance 
to  weathering,  have  elevated  the  lode  above  the  siirroundiag 
topography. 

1'he  ore  bodies  consist  of  a  series  of  lenaes  parallel  to  the 
foliation  of  the  schists,  about  200  feet  long,  150  feet  high,  and 
4  to  60  feet  in  width.  They  are  not  necessarily  located  in  align- 
nicnt,  but  frequently  occur  fij  cnchelon.  The  shoots  iiro  stated 
to  pilch  4.')-  to  till'  north  in  the  plane  of  the  <li|i.'  The  f.ii.i\v;ill 
is  often  dcfiiu-d  by  ^ofl,  putty-like  t«lc,  which  lisis  ii  teiideiiey  to 
run.  There  is  no  definite  hansriu'r  wall,  the  ore  .sliiiuts  fiuliut; 
into  biuTcn  loek,  iind  the  extent  to  which  ore  is  stuped  out  is 
i:ovenied  by  the  dietiites  of  econtiitiiL-  expediency. 

lielnw  the  shiill.m-  Kone  of  oxidiilion,  SO  feet  in  deptli.  lit' 
the  11 II altered  sulphide  masses.  The  ore  cousisls  of  ehaleopyrite, 
sini-'ulai'ly  free  from  admixture  with  other  minerals,  iuchided  in 
a  line-u'raiucd  chlorite  si-hist  as  gan»;ue.  The  absence  of  the  ordi- 
nary |.;aii^'ue  minerals  is  so  marked  that  ore  containing  quail/ 
is  letaijK'd  as  spci'iiiH'n  material.  The  chaicopyrite  oceui-s  as 
Ibiii  h^iiids.  irniii  an  eighth  to  a  .juarter  of  an  inch  in  tbiekness. 
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The  appearance  of  the  typical  ore  is  adequately  expressed  by 
its  local  designation:  ** black  pyritous  slate."  From  the  slaty 
forms  the  transition  to  the  chlorite  schists  is  not  great.  Under 
the  microscope  the  typical  ore  presents  a  uniform  deep  green 
color  with  little  or  no  individualization  of  the  chlorite  into  dis- 
tinct flakes.  Between  crossed  nicols  a  few  rude  shadowy  crosses 
become  apparent,  and  a  general  streaked  effect,  expressed  in  low 
blue  gray  colors,  indicates  the  trend  of  the  flow  cleavage.  The 
chalcopyrite  is  distributed  in  small  stringers  parallel  to  the  cleav- 
age, and  is  often  accompanied  by  a  fringe  of  epidote  grains. 
Some  of  the  large  grauulos  of  chalcopyrite  are  associated  with 
a  little  quartz  and  chalcedony.  A  very  small  amount  of  chalcocite 
was  noted,  some  of  which  w^as  peripheral  upon  the  chalcopyrite. 
The  quantity  of  secondary  sulphide,  however,  is  nearly  insig- 
nificant. 

The  chlorite  schist  ore  differs  from  the  preceding  only  in  the 
fact  that  the  chlorite  is  in  well-developed  plates,  many  of  which 
show  evidence  of  internal  movements.  Some  grains  of  titanite 
occur. 

Ore  rock  taken  from  near  the  footwall  of  Level  4  shows  a 
few  additional  features.  In  sections  cut  normal  to  the  schistosity 
the  rock  is  seen  to  be  composed  almost  exclusively  of  chlorite, 
often  in  minute  spherulites,  and  a  few  *  ^  porphyritic "  plates  of 
clinochlore.  The  discrimination,  clinochlore,  is  made  on  account 
of  its  superior  birefringence  and  deeper  pleochroism.  In  certain 
plates  chalcocite  can  be  seen  replacing  the  clinochlore  parallel 
to  the  cleavage  lines.  The  amount,  however,  is  inconsiderable. 
A  few  rectangular  sections  of  andalusite  occur.  Grains  of 
titanite,  sometimes  partially  idiomorphic.  are  rather  abundant. 
Splendid  rutile  prisms,  surrounded  by  strongly  pleochroic  halas 
of  deep  olive  green  color,  constitute  a  characteristic  feature  of 
this  varietv  of  chlorite  schist. 

The  andalusite  may  indicate  contact  mctamorphism  by  the 
quartz  monzonite  intrusive,  and  lends  weight  to  the  probability 
suggested  by  the  petrographic  and  stratigraphic  data  that  the 
Copperopolis  chlorite  schists  represent  argillaceous  andesite  tuffs 
dynamically  metamorphosed. 

Since  the  deposition  of  the  ore  much  movement  has  taken 
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pUu^,  Dbeitrmg  tbe  etulivipyrilr  »ml  plalins  thv  folintino  plnnm  J 
of  th<>  chlnrit*  whut  vrith  yellow  minernh 

Thr  ifttroclnetJ'Mi  of  the  ore  hiu  been  aiibaequent  to  ibe  Uita 
intruMivc,  fnr  tlf  'iimrtz  m'lnzunitt-  is  uft^n  iniprvctiated  vitfaa 
i?hal«>pyrite.  espeeially  alnui^  fractur#  ioarx.     TTw  ani^'inlulea  Q 
tbt-  flfiws  west  of  ('HppenipoltJi  tiL-easinnaHy    abiiw    a    speck 
I'halropyritr  in  thu  interinr  of  the  solid  fillini;. 


NAlVUCOft    MIME.  CAtarSBAS  COCTSTt. 

The  N'Apiilpiiti  mine  is  sis  nuleB  siJiithwest  of  Copperupoliit  I 
Tht  KM>linn  bi^tn^im  tbi^iu  is    i-ouipcBed    lar^ty   of   the    iiieta-1 
andeHilea,  incIiidinF:.  howrver,  nlxnit  50i)0  feet  of  Tpper  Jnrasrae 
<rlay  alatex  »nd  an  intniKivp  maan  of  ^ranodiorite. 

The  prevniling  iwk  in  the  rieinitj'  of  the  Napoleon  mine  is 
«  mnKKivv  (juflrtz  porphyri-  whose  i-haract eristic  filature  is  its 
nbiindaaiH-  of  gliiRsy  qunrtzet;  in  an  aphanitic  base  of  flinty 
Appearaoce.  The  niicroecopie  petrotrraphy  of  this  rock  shows 
Domerons  idiomorphie  quartz  phenocrysts,  often  affeeted  by 
maffDiKtic  uoiTOiiioa,  and  a  large  number  of  porphyritic  feldspars, 
imtwinnH.  tnrbid,  opHfpie,  and  frequently  containini;  much  see- 
ondarj'  opidote.  Femie  constituents  were  nearly  absent,  and  are 
iimv  n>[)ff'scTi1c<I  hy  f-lilorite.  The  sjroiindmass  is  a  niii'miTystal- 
\\w  ;issfiMl.iiiL"'  <'f  fridspiir.  quiiilx  iim!  miMiit.-  spii.-riiliti-., 

Twt.  Tliriusimd  fcft  eiist  of  tlie  sihaft  llie  tiift"s,  i-CLiH-iii-;. 
;iiiiyL;iliiloiiis,  niid  pnrpliyHi-s  of  tbf  im-tii-iitidi'siti' S('riiN  iipp.ar  in 
\ii<'!\\  ilij'kiiiss.  III  llie  ininiediiile  vicinity  uf  the  mine  is  ;iii 
itiii>ir;il;ii..i  llnw  iif  b(irjil)lfnde  andesile,  which  li.ivinir  a  thick- 
iirss  ,.)■  iilHiiit  a  ]iiin<ired  feet  nt  the  lioistiiiir  sliaft,  rapidly  ihi^k- 
(-I1S  1.. wards  xUi-  wiiith.-iist  U>  .'.HO  fe.-t.  Tht-  distiiiu'iiisbiiiL'  tV-t- 
liiiv-s  ..r  lliis  v<H-\i  arc  the  ])rcseiu.-e  of  hnriibl.'nde  prisms  nnd  the 
irn^al  aLiirirhm.-c  .if  cah-ite  itiny-ditlcs.  Certain  bi-bly  iVlil- 
s|.iiMiic  fii.-ifs  j.r.'  ass(.ciiiti-d  ivitli  the  lini-Ml.lenile  aiidesite.  Tlie 
ipiart/  piitpliyry  wbi'i'i>  rcsliiifr  upon  Ibc  iuidesite  wjis  fnimd  to 
>biiw  a  iijirrim  c'liilleil  sclvjitie  a^rjiinst  ji  st'oriaeetnis  iiTiiyi^diduiil. 

T)if  ]..dv  li.s  all. 11^'  the  eontjiet  "f  the  Fealhoriui:  eiul  ..t"  the 
aiiih.>ilr.  Ilinv  uitli  llie  i|iiiil-tz  |)orphyiy.  Tills  eiiiitael  luis  b.Tii  ;t 
l^Tiis  u|-  ,.^e^|lMnllal  dyniuiiie  aelivily.  iih.nir  which  tb,-  hi-ni- 
hUwU-  aii.lesite  has  been  iTdtieed  t..  ii  chlorite  schist,    and  ih,- 
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quartz  porphyry  has  been  brecciated,  and  more  rarely,  converted 
to  a  sericitic  quartz  porphyry  schist.  The  width  of  this  shear 
zone  is  about  30  feet,  though  within  this  belt  there  are  horses 
of  unschistified  rock.  The  lode  strikes  N.  75°  W.,  dip  62°  S. 
The  hanging  ;fvall  is  quartz  porphyry  and  is  fairly  regular ;  the 
foot  is  the  meta-andesite,  is  soft  and  rotten,  and  more  irregular. 
The  ore  is  solid  ehalcopyrite,  massively  schistose  and  often 
roughly  banded  with  ruby  zinc.  Calcite  and  some  galena  are 
occasionally  noted.  The  unschistified  lenses  of  rock  noted  in  the 
croppings  form  horses  of  second-class  ore,  6  inches  to  2  feet  in 
diameter  and  several  feet  long.  They  are  more  poorly  mineral- 
ized, and  contain  a  larger  proportion  of  iron  pyrites.  Where 
cubes  of  pyrite  have  developed  in  the  vicinity  of  the  calcite 
amygdules  of  the  hornblende  andesite,  they  fail  to  replace  the 
carbonate,  but  remain  imperfect  and  have  grown  around  it. 

RESL'M#.. 

The  Foothill  copper  belt  lies  west  of  the  main  gold-produc- 
ing region,  and  includes  a  series  of  copper  deposits  occupying 
the  lower  foothills  of  the  range.  Great  stress  cannot  be  laid  on 
the  unity  of  this  belt  as  a  metallographic  province,  inasmuch  as 
two  typical  occurrences,  notably  Pine  Hill  and  Valley  View,  were 
long  worked  as  gold  mines,  until  deeper  exploration  revealed  the 
unsuspected  presence  of  copper.  Along  this  belt  are  also  the 
gold  mines  of  Opliir,  described  by  Lindgren.*  Copperopolis  and 
Napoleon  are  held  to  be  on  separate  branches  of  the  copper  belt. 
Between  them  is  a  groat  thickness  of  black  clay  slates,  upon  which 
is  located  the  Roynl,  a  large  gold-quartz  mine  (120  stamps). 

The  copper  deposits  are,  however,  all  closely  associated  with 
the  meta-andesites,  and  belong  to  the  genenil  type  of  replace- 
ment deposits  along  shear  zones.  This  gives  a  certain  geologic 
unity  to  the  entire  belt.  The  replacement  has  been  equally  thor- 
ough in  very  diverse  roeks.  producing  the  large  ore  bodies  of  Cop- 
peropolis in  chlorite  schists,  and  the  extensive,  and  more  massive, 
ore  bodies  of  Campo  Seco  in  quartz  porphyry  schists. 

*  W.  Lindgrcn,  14th  Ann.  Kept.,  U.  S.  G.  S. 

Vnivertity  of  California, 
May,  1906. 
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In  the  vicinity  of  North  Berkeley  bold  massive  croppings  of 
a  curiously  weathering  rusty  red  rock  form  conspicuous  features 
of  the  foothill  slopes.  They  frequently  attain  a  height  of  40  or 
50  feet,  and  owing  to  the  striking  character  of  their  superficial 
alteration,  readily  attract  attention.  Under  the  action  of  the 
weather  they  yield  cavernous,  honeycombed  masses  of  great  var- 
iety of  form,  gnarled  and  twisted,  and  often  of  fantastic  fash- 
ioning. 

The  unweathered  facies  of  this  rock  consists  of  an  aggregate 
of  chalcedony  and  rhombohedral  carbonates,  whose  relative  pro- 
portions may  vary  within  rather  w4de  limits.  Highly  siliceous 
phases  are  common,  while  the  other  extreme  is  represented  by 
phases  indistinguishable  from  crystalline  limestones.  In  the 
typical  rock,  however,  the  carbonates  are  dominant,  and  the 
chalcedony  subordinate.  The  structure  is  often  peculiar  and 
characteristic,  and  is  due  to  the  intimate  lenticular  interlamina- 
tion  of  the  two  main  constituents.  ()n  a  fresh  fracture  the  rock 
is  colored  a  sort  of  terra-cotta  red,  and  is  seamed  with  small 
vitreous  quartz  veinlets,  and  bunches  and  veins  of  white  waxy 
chalcedony.  Chromite  occurs  in  numerous  small  specks,  and 
upon  isolation  gives  a  good  chromium  reaction  with  borax.  Occa- 
sionally a  deep  green  mineral  of  lamellar  habit  can  be  foimd. 
Cleavage  flakes  show  the  emergence  of  a  negative  acute  bisectrix 
of  small  axial  angle.  The  extinction  is  parallel  to  a  well-defined 
cleavage,  the  relief  low,  and  the  birefringence  feeble.     These 
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properties,  togfthor  with  a  fibrous  habit,  unquartionably  identify  I 
the  niineml  us.  baKtit«.    The  presence  of  elinjine  micaa  was  s 
pected,  but  could  not  be  verified. 

The  riieks  under  diseiission  have  an  extejisive  distribution  in 
Ihv  hilU  north  of  Berkeley,  occurring  as  lenticular  masses  in  the 
Franeidcan  windstone.  The  invariable  presence  of  glaueophaue 
HcbtHta  is  siiKpestivc.  They  occur  at  numemus  other  points 
throughout  the  Coast  Ranges,  and  are  locally  known  »s  "the 
qmckailvcr  ropk,"  on  account  of  their  frequent  association  with 
cinnabar  depnsita.  They  were  deaeribcd  as  forming  a  subordi- 
nate member  of  the  Franciscan  series  (lowermost  CretaeefnisT), 
and  wen-  pmvisionally  designated  as  a  siliea-carbonate  sinter.* 
This  was  attacked  hy  Fairbanks.t  and  in  particular  the  sugges- 
tion that  the  formation  might  be  used  in  correlating  isolated 
portions  of  the  Franciscan.  His  contention  was  based  on  the  fact 
that  the  rock  occurs  as  the  ganpiie  of  the  quicksilver  ores  which 
are  known  to  be  of  post-Miocene  age,  and  that  the  silica-carbonate  . 
sinter  may,  therefore,  weur  at  any  stratigraphic  horizon.  ■ 

Beeker,t  however,  seems  in  part  to  have  recognized  the  deriva^l 
tive  origin  of  the  rock  under  consideration,  but  his  views  arc 
largely  obscured  by  his  conceptions  of  the  metamorphic  char- 
iictiT  of  tbt'  Criiisl  Rjiu^o  serpentines.  Von  flroddei^k.  '  in  » 
n'Miarkiitjli.'  p;ipi'r  on  the  Quicksilver  Deposits  at  Avala.  Servia. 
w;is  tin-  first  tu  (iniw  attention  (ii  the  pseudomorphic  ehanictcr 
of  the  ore  ro.-k  at  Xew  Almaden. 

His  einieliisioiiK,  liolli  as  to  the  Servian  and  California  oeeiir- 
ivii.-es.  were  vi-iinuisly  denied  by  Becker. 

Tile  reei'tit  finding  near  Noilh  Berkeley  of  some  exee]>tiunal 
iii^iterial  allows  file  nri-'in  uf  tile  earli.inafe    rock    to    lie    fixed 
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magnesian  carbonates,  and  in  exceptional  cases  even  siderite.  The 
chalcedony  is  composed  of  aggregates  of  beautifully  formed 
minute  spherulites.  Granular  and  automorphic  magnetite,  and 
grains  of  chromite  occur  as  accessories.  The  chalcedony  com- 
monly occupies  small  lenticular  areas  surrounded  by  narrow 
bands  of  carbonate,  and  the  structure  produced  thereby  is  char- 
acteristic of  the  silica-carbonate  rock. 

At  North  Berkeley  this  type  is  found  grading  into  a  rock 
whose  characteristic  feature  is  the  abundance  of  lamellar  pyrox- 
enes of  decidedly  bronzy  metallic  lustre.  Yeinlets  of  chrysotile 
under  a  millimeter  in  thickness  form  a  reticulate  network  tra- 
versing the  rock. 

In  thin  section  large  plates  of  orthorhombic  pyroxene  become 
apparent.  Their  color  is  brownish  yellow,  and  the  deeper  colored 
sections  show  a  faint  pleochroism.  A  strongly  colored  plate  was 
found  to  give  a  decided  pleochroism:  green  parallel  to  c  and 
yellowish  green  transverse  to  c.  The  pyroxene  is  therefore, 
bronzite.    Small  grains  of  chromite  are  included  in  the  bronzite. 

The  pyroxenes  are  partially  serpentinized  and  the  remaining 
bronzite  plates  represent  the  survivors  of  the  process  of  serpen- 
tinization.  Even  these  show  strong  variations  in  the  degree  of 
relief,  varying  from  the  characteristic  high  relief  of  the  pyrox- 
enes down  to  that  of  Canada  balsam.  The  latter  probably  repre- 
sent the  bastite  modification,  though  the  position  of  the  optic 
axial  plane  could  not  be  tested.  The  pyroxenes  are,  moreover, 
traversed  by  a  ramifying  system  of  carbonate  fibres.  Certain 
banded  veins  of  serpentine  which  intersect  the  slide  are  found  not 
merely  cut  across  by  the  carbonate,  but  show  also  a  progressive 
replacement  by  means  of  numerous  small  apophysal  tongues. 
These  paragenetic  relations  show  that  the  carbonate  is  epigene 
upon  the  serpentine,  and  not  merely  a  residual  product  of  the 
process  of  serpentinization. 

In  certain  sections  the  car])onate  can  be  seen  replacing  tJie 
pyroxene  directly  without  the  intervention  of  the  serpentine 
stage.  The  advancement  of  cari)()natizati()n  appears  easiest  in  the 
direction  of  the  vertical  axis. 

Often  a  sort  of  net  structure  is  produced  by  capillaries  of 
carbonate  encircling  areas  of  serpentine.     From  these,  grada- 
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tions  can  btJ  traced  whorein  the  carlwnate  has  aimpletely  sup-, 
planted  th«  Merpoiitine.  It  is  not  unusual  tn  sep  the  cbaraeteristift 
nntigorit^  strnnture  displayed  hy  onrbuntite. 

Certain  larger  veinletii  of  earhonate  also  occur,  and  usnally 
show  a  wfll-dovciofied  rLfimbnhedral  cleavage.  The  UNiial  strimg 
differenees  of  relief  arc  diMplaycd,  aud  from  the  very  high  index 
for  O.  dolomite  and  niagiie!*ite  air  eii^gcsted. 

The  rcniuinin^  portions  ft  the  sections  are  compased  of  con- 
futed a^regtititi  of  serpoiitiuf.  which  render  inferences  as  to 
their  derivative  origin  unsafe.  Only  occasionally  is  the  charae- 
leristio  antigorite  structure  visible.  No  olivine,  or  structure  cer- 
tainly rcferabk-  to  its  former  presence,  eonld  be  found.  A  few 
mosaic  polarizing  veinlets  nf  quartz  st-am  the  slides. 

Under  medium  high  power  w>nie  tangled  trichite-Iike  aggrft^' 
gates  can  be  discerned  embedded  in  the  carbonate  and  (iuart&, 
They  possess  a  metallic  Uistre,  inclining  to  brassj-.  A  straight 
and  relatively  stout  prism  showed  a  hexagonal  eroaa-spclion. 
These  eharaeteristic*  serve  to  identify  the  mineral  as  millerite. 

Summarising  the  petrographic  details,  we  find  that  the  rock 
is  composed  of  nllotriomorphic  plates  of  hronzite.  often  serpen- 
tinized,  and  magnesian  carbonates  epigene  upon  both  the  serpen- 
tine and  (he  pyroxene.  It.  therefore,  conforms  to  a  partially 
aitrml  r.vn.xcnite. 

FriHii  the  rock  nt  North  Berkeley  whose  origin  is  thus  jippnr- 
cnt.  the  sri'ii'B  of  chani-'fs  involviiiir  the  transfornmti()n  to  the 
.■arixinntc  rock  may  leadily  be  followed,  titid  may  even  t.o  seen 
ill  ihe  liainl-speciiiieii  whose  typical  pyri)\eiiile  i-hariictiT  is 
maeiiiscopically  obvious.  Throuiihont  the  Const  Raii};c,s.  how- 
ever, thii  carbonate  rock  often  oecui-s  in  isolated  croppinsis.  hii:hly 
weathered,  or  asso<-iated  with  scrjientine  in  ot>senn'  rolatinns, 
lu-iK-c  the  iiiu'c 

The  app^o.^ 


i 


whii'h  ]\>w  eNislcil  as 

0  its  ori 

lu'ioi.'iil  <-o]iL]u>>^ltion 

of  the  . 

pnted  from  tlie  niiof 

■aloirieal 

SiO,  =  60 
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Analysis  of  the  silica-carbonate  rock  (excluding  macroscopic 
quartz  veinlets)  yielded  the  following  result  after  digestion  in 
hydrochloric  acid : 


FeA  1  _      5^26 


Insol.    residue  =  16.24%  (96.4%Si02) 

O3  \_ 
Al,03  (  — 

CaO=  13.20 

MgO=  25.89 

Theorct.  %  CO,  =  38.61 

Total     ILO=      l.lo 


Sum  =  100% 

The  analysis  represents  the  end  product  of  two  successive 
processes:  first,  serpentinization,  and  secondly,  deh^'dration  and 
carbonatization.  The  former  involved  a  large  increase  of  volume, 
the  latter  a  decrease.  This  latter  process  has  been  attended  by 
the  formation  of  vitreous  quartz  veinlets,  whose  frequent  comb- 
in-comb  structure  indicate  their  deposition  in  open  fractures. 
The  above  analysis  when  compared  with  the  composition  of  the 
bronzitite  shows  several  noteworthy  features.  An  exact  discus- 
sion is  not  possible  on  account  of  the  uncertainty  of  the  volu- 
metric relations  involved,  but  the  following  points  appear  well 
established:  that  there  has  been  a  large  expulsion  of  silica  by 
carbonic  acid ;  that  a  notable  enrichment  of  lime  has  taken  place ; 
and  that  the  magnesia  and  total  sesquioxides  (largely  iron)  have 
practically  remained  constant. 

It  has  already  been  pointed  out  that  in  thin  section  the  silica- 
carbonate  rock  often  presents  a  highly  unique  and  characteristic 
structure,  due  to  an  anastomosing  system  of  carbonate  capillaries 
enclosing  discrete  eye-like  areas.  These  small  lenticular  areas  are 
composed  of  allotriomorphie  carbonate,  or  spherulitie  chalcedony, 
or  both  together. 

The  carbonate  veinules  possess  a  fibrous  structure,  the  fibres 
not  being  continuous  across,  but  growing  from  both  walls  toward 
the  center.  The  center  line  is  occupied  by  yellow  iron  oxide, 
which  frequently  extends  in  between  the  carbonate  fibres,  thus 
producing  a  sort  of  stiff,  orthoijenal  dendritic  structure.  The 
above  phenomena  represent  a  pseudomorphic  replacement  of  a 
schistose  serpentine,  the  carbonate    capillaries    occupying    the 
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foliatiuti  partmfs  prodaeed  by  movement  eoiaeqiaiit  upon  vol- 
ume cxpsitKion  during  kydrfltion. 

The  production  of  tlie  ttilioa-oarbonate  rock,  then,  illustrates 
an  exteiisivL'  case  of  hydro-met  a  morphism,  effected  by  eolntions 
bighJy  oliar^'d  with  carbim  dioxide,  and  carryiiijt  oalciuin  cHr- 
bonate  and  metallic  aulphides. 


University  of  California, 
May,  1906. 
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INTRODUCTION. 

At  the  southern  end  of  the  Sierra  Nevada  there  are  eertaiu 
high  valleys,  situated  about  4000  feet  above  sea  level,  which,  by 
reason  of  their  abnormal  position,  their  peculiar  drainaj^'e,  their 
large  dimensions,  and  their  discordant  relation  to  their  geomor- 
phic  environment,  invite  geological  inquiry  as  to  their  genesis. 
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Tlie  Inrpest  nf  these  vdllej-s  is  Tfliiichapi.  and.  as  it  forrns  tbl 
pasH  over  the  mountains  fur  the  railwaj-s  oonnpctiny  tho  Gr( 
Valley  with  Soiitheni  California,  it  was  the  first  to  attract  tha^ 
Atti-ntioii  of  the  writer.     An  attempt  to  get  familiar 
fcHtnre«  led  to  the  discoverj-.  however,  that  it  was  but  one  of  i 
system  of  similar  vallej"8  whieh  eharnctenze  the  region.     In  tbtt| 
fituntry  to  the  wt«t  of  Tehaehapi  lie  Hritcs  Valley.  Cummingjl 
Valley,  and  Bear  Valley.    It  is  the  purpoKe  of  this  paper  to  tJive'J 
a  brief  deseriptive  acmiint  of  Ihi-sf  valleys,  to  indicate  sODiethit]g;fl 
tif  their  gi^ilngical  hiwtory  and  in  ho  doing  suggest  at  least  ( 
partial  explanation  of  their  rather  unirme  features. 

TEH.\rH.\PI    VALLEY. 

Ornrral  f'fodir/'s.— Ttihaehapi  Valley  is  situated  on  the 
mil  of  that  portion  of  llie  Sierra  Nevada  which  lies  between  tlMsl 
southern  eud  of  the  Orent  Valley  and  the  Mohave  Desert.  ItiJ 
extent  from  (-(wt  to  wt?st  is  about  12  miles.  Its  breadth  in  ital 
middle  part,  at  the  town  of  Tehairhapi.  is  about  4^  miles.  A» 
its  west  end  it  is  6  miles  wide  and  at  its  extreme  east  end  itfl 
tmrrowB  to  about  half  a  mile.  It  bus  thus  in  i;round  plan  thfl^ 
form  of  a  right  angled  triangle,  the  right  angle  being  at  the 
sniitliwrst  (Minicr  «f  the  valloy.  Its  mvn  is  about  36  square 
niilos. 

■j'lu-  l»>inidiiriis  «i  the  Viill.-y  :uv  for  the  most  part  bold 
nnnuitiiiii  sliipcs.  wbii-h  rise  to  cri'sls  jit  n()  sreat  distance  from 
tlie  VfiJl.n-.  -j-li.-  iiira  ,.f  llu-  liydio-nipbit-  liii.sin  in  which  tho  val- 
ley lies  is  iilMiiil  i:!l)  si|Ti;ii\-  iiiij.'s.  I-'nim  this  statement  it  will 
he  aiipaiTUt  tliat  the  strfiinis  which  How  into  the  valley  ft-oiii 
till-  surroutKiiiiL'  J uifains  iirc  smMlJ.     The  annmtl   niinfaJI   n 

11)^    ill.-llrs. 

.^V/v //„/>-.-  (If  tJirsr  stiTiiJiis  tlie  two  barest  are  on  the  north 
.sidi'  of  till'  valli'y  towai'd  its  east  end.  and  are  known  as  Ciiclie 
Cn-i-k  aiKl  While  l!.,ek  Creek,  liotli  of  these  enter  TchiU'liiipi 
\'alliy  ihioii-h  liuuipi't-sliaped  side  valleys,  which  in  tlieir  sla-.- 

of  i;..oni.'n'lii.-  advai iiieiit  and  in   lli.'ii-  de-ive  of  alluviatiori 

an.  Mviuiiirily  IiuimmI.i-ous  to.  and  bani;onious  witli.  the  uiain 
v;j|lry  In  which  thfv  ;uv  Irihiitaiy.  Th>'se  tributary  v;illcys  are 
•  .{  U\i-  iiafmv  m|-  ,;iil>ayjiierils  irj  the  mmuitains  on  the  .south,  and, 
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as  their  floors  are  accordant  with  the  floor  of  the  main  valley, 
they  cause  the  ground  plan  of  Tehachapi  Valley  to  have  in  this 
part  a  distinctly  indentate  contour.  There  are  three  notable 
streams  entering  the  valley  from  the  high  sharp  mountain  ridge 
which  forms  the  southern  boundary  of  the  valley  in  its  western 
part.  These  are  from  west  to  east,  China  Hill  Creek,  Antelope 
Creek,  and  Blackburn  Creek.  These  three  creeks  are  in  marked 
contrast  to  Cache  Creek  and  White  Rock  Creek  on  the  south 
side.  They  emerge  upon  Tehachapi  Valley  through  narrow 
rocky*  gorges,  whose  bottoms  are  not  yet  cut  down  to  the  level 
of  the  main  valley  floor,  and  the  alluvial  fans  which  they  have 
built  up  apex  wholly  outside  of  the  mountain  pass,  within  the 
confines  of  the  valley.  These  canons  are  so  narrow  that  they 
effect  no  appreciable  indentures  in  the  ground  plan  of  the  valley 
boundaries,  and  the  mountain  front  is  here  remarkably  even 
and  straight,  as  well  as  steep. 

Alluviation. — The  floor  of  Tehachapi  Valley  is  for  the  most 
part  a  surface  of  alluviation,  and  appears  to  the  cursory  glance 
uniformly  flat.  Unfortunately  the  region  has  not  yet  been 
topographically  mapped  and  we  have,  therefore,  no  exact  meas- 
ure of  the  slopes  of  this  apparently  flat  floor  except  such  as  are 
afforded  by  the  railway  levels.  The  altitude  at  Tehachapi  station 
is  3963  feet ;  at  the  summit,  2  miles  to  the  east,  it  is  4025  feet ; 
and  at  Sullivan  *s,  3^  miles  from  Tehachapi,  it  is  3980  feet.  These 
figures  give  the  altitude  of  the  central  paii;  of  the  valley  along 
its  north  side,  which  is  the  lower  side.  From  the  line  of  the 
railway  the  floor  of  the  valley  slopes  up  to  the  south  on  the  sur- 
face of  the  confluent  alluvial  fans  of  China  Hill,  Antelope  and 
Blackburn  Creeks.  In  the  eastern  part  of  the  valley,  on  the 
contrary,  the  alluvial  fa  us  of  White  Rock  and  Cache  Creeks  from 
the  north  dominate  the  slope  of  the  valley  and  cause  its  lower 
part  to  be  on  the  south  side. 

Between  the  alluvial  fans  of  these  two  creeks  there  is  on  the 
south  side  of  the  railway  a  saline  lake,  the  expanse  of  which 
varies  with  the  season,  but  which  at  its  largest  is  less  than  a 
square  mile  in  area.  This  lake  receives  the  waters  of  White 
Rock  Creek.  The  waters  of  Cache  Creek  are  sometimes  shed 
down  the  west  side  of  its  fan  to  the  lake  and  at  other  times  to 
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the  east  side  out  through  thi-  roek.v  gorge  at  Cameron  to  the 
Mohavp  Desert,  the  position  of  the  stream  upon  its  fan  being 
iinalnble  Hiid  fluctuoting.  Usually  the  lake  has  no  outlet  and 
the  waters  are  strongly  salioe.  It  is  said  that  deposits  of  salts 
have  been  worked  in  the  elaya  which  underlie  tlie  Jake  to  a  depth 
of  8  fwt.  Oceasionalij',  however,  the  lake  appears  to  overflow 
around  thct  lower  edge  of  the  Cache  Creek  fan  into  the  gorg 
leading  out  to  Mohave. 

The  depth  of  the  alluvial  infilling  of  the  valley  is  not  kuowit  I 
Certain  wells  that  have  t>i>ue  sunk  indicate  that  it  is  by  no  meani  I 
a  Rhallow  \'eneer.  A  well  sunk  for  water  on  the  railway  about ' 
three-quarters  of  a  mile  above  Cameron  at  the  extreme  east  end 
of  the  valley  parsed  through  125  feet  of  alluvial  gravel,  sand, 
and  clay  without  reaching  solid  rock.  On  Spencer's  ranch  a  well  f 
was  sixnk  for  water  on  the  nortJjwest  quarter  of  Section  34^  _ 
Tp.  32  S.,  R.  33  E.  This  well  is  said  by  the  di-Uler  to  have 
through  10  feet  of  black  clayey  loam,  then  125  feet  of  yellow 
clay  with  fine  gravel,  and  then  through  30  feet  of  gravel  with 
coarse  bouldent  at  the  bottom  up  to  10  inches  in  diameter.  At 
this  depth  no  water  was  found  and  for  practical  reasons  the 
well  was  abandoned.  Another  well  was  sunk  in  the  immediate 
neif^hborhood,  to  a  depth  of  344  feet  through  gravelly  sandy  and 
cbiyey  jilluviuni,  waler  beiuMi  found  iit  a  depth  of  1148  feet  and 
rising  in  the  well  lo  witbin  120  feet  of  the  surface.  In  this  well 
very  few  pebbles  wei-e  found  hir^'er  than  one's  fist  and  only 
rarely  was  a  boulder  found  as  large  as  a  man's  head.  The 
writer  visited  the  well  and  e.xaniined  the  material  that  had  been 
taken  from  it.  The  well  is  situated  less  than  a  mile  north  of 
the  base  of  the  steep  mountain  slojte  which  bounds  the  valley 
on  tli'e  sijnth.  We  have  thus  in  the  record  of  this  well  evideme 
thitt  the  iilluvialion  of  the  valley  reaches  a  depth  of  not  less 
than  ;}44  feet.  Several  wells  have  been  sunk  in  the  town  of 
Tehaehapi,  and  these  are  said  to  yield  water  fii-st  at  a  depth  of 
3.J  feet  and  a^ain  at  about  90  feet  below  the  surface.  One  well, 
hiiwi'ver.  is  said  ti)  have  been  sunk  to  a  depth  of  IGO  feet,  mostly 
ill  clayey  alluvium  with  gravel  at  the  bottom.  The  alluvial  tioiir 
of  till-  v;illi-y  in  ill  part  suitable  for  cultivation,  and  the  greater 
jiai'l  I'i  it  i«  IViieed  for  ranch  purposes,  but  there  are  probably 
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B.  Southwest  corner  of  TebnohBpi  Viilley.  Looking  Houthwest  toward 
tlic  biirrior  wbich  sepamt^fi  TetiHcliapi  nni]  Brites  VaJle^a  across 
the  alluvial  rane  of  China  Hill  Treek. 
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not  more  than  a  dozen  ranchers  actually  engaged  in  the  cultiva- 
tion of  the  soil.  Portions  of  it  are,  however,  utilized  as  cattle 
ranges. 

Another  indication  of  the  volume  of  alluvium  in  the  valley 
is  afforded  by  the  dissection  of  the  alluvial  cone  of  Antelope 
Creek  at  its  apex.  Here  Antelope  Creek  has  greatly  deepened 
its  rocky  gorge  within  the  mountains  since  the  apex  of  the  alluvial 
cone  was  established,  and  this  deepening  of  the  gorge  has  necessi- 
tated the  dissection  of  the  cone.  The  extension  of  the  gorge 
through  the  apex  of  the  fan  reveals  a  section  of  alluvium  250 
feet  thick  above  the  stream.  In  the  vicinity  of  the  apex  of  the 
China  Hill  alluvial  cone  a  much  greater  thickness  may  be 
inferred.  Here  the  coarse  gravels  of  the  upper  part  of  the  cone 
have  been  hydraulicked  for  placer  gold. 

Isolated  Hills. — An  interesting  feature  of  the  valley  floor  is 
the  occurrence  of  certain  isolated  rocky  hills  which  project  as 
island-like  masses  through  the  alluvium.  There  are  two  such 
hills  of  prominence,  both  on  the  north  side  of  the  valley  and 
both  composed  of  the  granitic  rocks  of  the  surrounding  moun- 
tains. One  of  these  lies  to  the  northeast  of  Tehachapi  and  less 
than  a  mile  distant  from  the  town.  It  rises  to  an  altitude  of 
perhaps  100  feet  above  the  surrounding  plain  as  a  rugged  more 
or  less  conical  mass  of  bare  rock.  The  other  is  at  the  east  end 
of  the  valley  and  lies  at  its  confluence  with  the  wide-gaping  tribu- 
tary valley  of  Cache  Creek.  It  is  surrounded  by  the  alluvial  fan 
of  that  creek,  the  stream,  which  is  now  to  the  east  of  the  hill, 
having  formerly  flowed  to  the  west.  The  hill  is  about  half  a 
mile  in  length  from  north  to  south  and  about  half  as  wide  at  its 
base  and  it  is  probably  not  less  than  200  feet  high,  its  bare  rocky 
precipitous  slopes  being  in  striking  conti'ast  to  the  surrounding 
alluvial  plain.  The  isolation  of  tliese  hills  from  the  neighboring 
mountain  slopes  affoi-ds  additional  suggestion  as  to  the  great 
depth  of  the  alluvial  infilling  of  the  valley,  and  indicates  some- 
thing of  the  irregularity  of  the  rock  surface  upon  which  the 
alluvium,  in  parts  of  the  valley  at  least,  rests.  The  best  actual 
exposure  of  alluvium  of  the  valley  floor  which  came  under  the 
writer's  observation  was  that  afforded  by  a  trench  at  the  extreme 
eastern  end  of  the  valley  at  from  one-half  to  three-quarters  of 
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a  mile  abovp  (Cameron  Rtntion.     The  treJifh  w  a  new  feature  of 
liie  tiipogrnpliy  and  wm  cut  by  the  exeeptionally  heavy  run-off 
due  to  the  rains  of  the  winter  of  1904-5.    The  treneh  is  13  feet 
deep  i>elow  the  floor  of  the  valley.    In  the  bottom  of  the  trench 
there  is  exposed  a  dark  gray  or  drab-eolored,  stiff  clay  with 
reiuaiiifi  of  plant  stems  in  it,  to  a  thiekness  of  3  feet.    Upon  this 
clay  with  a  sharp  horizontal  contnct  rests  10  feet  of  the  ordinary  j 
alluvium  of  the  valley,  consisting  of  liyht  colored  granite  sands  J 
with  lenses  of  pravel.     The  contrast  of  this  sandy  and  gravellyii 
alluvium  with  the  underlying  stiff  elay  is  significant  of  a  changi 
in  the  conditions  of  deposition.    This  contrast  is  the  more  signift^l 
cant  when  it  is  stated  that  the  exposure  occurs  in  the  narrowest'! 
part  of  the  valley,  praetieally  in  its  outlet  to  Mohave,  the  widtlfj 
of  the  floor  here  being  only  200  yards,  between  steep  rocky  wal 
It  would  be  interesting  to  know  the  thickness  of  the  clay,  \ 
unfortunately  this  could  not  be  ascertained. 

Hnn/tiiis  of  Mammoth. — About  a  mile  and  o  (luartw  to  the'' 
westward  of  Tchachapi  station  on  the  line  of  the  railway,  certain 
trenches  were  cut  by  the  Southern  Pacific  Railway  Company  for 
the  puri>oae  of  developing  a  supply  of  wafer  for  one  of  their 
tanks.  In  this  work  a  large  bone  was  found  and  was  forwarded 
to  llu'  riiiviTsily  of  fjiHfoi'iiia  by  :\Ir.  do  Ili'ur.  the  resident 
.■UL'iu.rr  ol'  the  .■..inpiniy  at  liakersHeld.  Tb.'  bone  li;is  bwn 
■of,.ss..r  .1.  C.  yU-rvUnn  as  Iho  tibia  of  a  mam- 
iti'i-  siibsequenlly  visited  the  liH'ality  under  the 
of  tlu-  workmen  who  was  present  when  the  bone 
The  trench  is  now  boxed  in,  but  cnouirh  of  the  section 
■  >  .■.stablish  the  fact  that  it  cut  IhnniL'h  alioiit  eiu'bl 
ck  ad<ilie  clay,  then  tliimii;b  three  feet  of  yellow  clay. 
IV  i-lay  rests  upon  gravelly  allnvinni,  the  rock  fra^- 
liicli  are  anirnlar  and  little  water  worn,  and  raiiL'e  in 
iiiiinile  fraiMiieuts  willi  sand  up  to  pieces  the  size  of 
The  dcjith  of  this  ^'ravelly  alhiviuui  is  not  revealed, 
unlh  buric  wiis  found  af  a  depth  of  between  11  and 
jn^t  hvUm  Ibc  yellow  clay.  The  yellow  clay  ami  the 
lluviuin  iviu'esent  with  tittle  (piestion  the  lower  edire 
n:K  HI  Hie  r,.llp,tiML  nf  Vprlolimte  Piilnpoiitolosy.  Uuiv.  Calif. 
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of  the  China  Hill  Creek  cone.    But  the  black  adobe  clay  is  the  ^ 
product  of  more  recent  accumulation,  under  marshy  conditions, 
due  to  springs,  on  the  narrow  flood  plain  of  the  modem  creek 
where  it  has  trenched  the  cone. 

Rocks  of  tJw  Surrounding  Mountains. — The  prevailing  rocks 
of  the  mountains  which  encircle  Tehachapi  Valley,  as  well  as  the 
other  valleys  to  the  west  of  it  which  are  described  in  this  paper, 
are  those  of  the  Bed-rock  Complex  of  the  Sierra  Nevada.  They 
comprise  a  series  of  metamorphic  rocks,  represented  chiefly  by 
crystalline  limestones  and  mica  schists  with  quartzites,  and  vari- 
ous plutonic  irruptives  of  granitic  habit  which  have  invaded  the 
metamorphic  series.  The  limestones  occur  in  isolated  patches  in 
numerous  localities  and  appear  for  the  most  pait  to  be  large 
inclusions  which  sank  down  into  the  granite  when  the  latter  was 
viscous.  The  mica  schists  occur  in  more  persistent  belts  of  no 
great  width.  Both  limestones  and  schists  have  a  persistent  north 
and  south  strike  with  easterly  dip  at  angles  of  from  45°  to  60°, 
though  sometimes  vertical.  The  granitic  rocks,  however,  greatly 
preponderate  throughout  the  region,  and  constitute  the  great 
bulk  of  the  mountains.  The  limestone  is  quarried  at  a  number 
of  localities,  but  most  extensively  at  the  mouth  of  Antelope 
Caiion  to  the  south  of  the  town  of  Tehachapi  where  it  is  burnt 
for  lime. 

The  superjacent  series  of  the  northern  portion  of  the  Sierra 
Nevada  is  represented  in  this  region  by  two  formations  of  strati- 
fied rocks,  which  rest  unconformably  upon  the  Bed-rock  Com- 
plex. The  lower  of  these  is  well  exposed  in  the  middle  and 
upper  parts  of  the  tributary  valley  of  Cache  Creek.  It  consists 
of  a  great  volume  of  coarse  arkose  sandstones  and  conglomer- 
ates with  some  thin  beds  of  saudv  shale.  On  the  northwest  side 
of  the  middle  part  of  Cache  Creek  they  dip  at  an  angle  of  60° 
to  the  southeast,  and  their  supei'position  upcm  the  granite  is  well 
exposed.  On  the  east  side  of  Cache  Creek  these  sandstones 
appear  to  dip  to  the  northwest  and  to  strike  to  the  northeast, 
curving  around  the  granite  traversed  by  the  creek  in  its  lower 
part.  In  certain  of  the  shale  beds  referred  to  there  are  abundant 
fossil  leaves  in  a  good  state  of  preservation,  and  their  occur- 
rence here  renders  it  probable  that  the  formation  is  a  fresh-water 
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(lopiwil.  The  age  of  the  bedn  itt  not,  known  bnt  it  is  probable 
that  they  nre  early  Tertiary.  The  second  formation  of  stratified 
rocks  is  well  psposed  in  the  vicinitj-  of  Sullivan's  station  and 
thenpe  up  White  Kock  Creek.  It  is  probably  stratigraphieally 
above  the  sandstone  and  couRlomerate  formation  of  Cache  Creek 
hut  this  was  not  certniniy  determineti.  The  formation  is  almost 
wholly  made  up  of  retmlarly  stratified  volcanic  tuflFs  and  apglom- 
erntes,  well  eemcuted.  but  there  are  with  these  near  Sullivan's 
stittiou  scmf  beds  of  preenish  gray  sandstone  whieh  may  be  com- 
poaed  only  in  part  of  volcanic  ash.  These  stratified  tuffs  and 
aftglomemtes  lie  in  a  well  marked  sjiicline,  the  axis  of  which 
pitches  to  the  northeast.  The  formation  lies  chiefly  in  the  coun- 
try between  White  Rock  Creek  and  Cache  Creek,  but  the  nose 
fif  the  8>'ncline  above  referred  to  crosses  White  Rock  Creek, 
toward  the  west,  and  in  this  direction  one  passes  in  a  few  hun- 
dred yards  from  the  tutTs  to  the  underlying  rocka  of  the  Bed- 
rock Complex.  The  dip  of  the  strata  on  the  Bonthem  limb  of 
the  syncline.  near  Sullivan's,  is  from  25°  to  ^Q". 

The  most  interesting  feature  of  these  superjacent  fomutionii 
is  their  degree  of  deformation,  and  the  evidence  that  they  thus 
afford  that  orogenie  movements  have  occurred  in  the  southern 
end  of  the  Sierrn  Nevada  which  seem  not  to  have  alfected  the 
sjiiiic  scries  in  the  middle  and  northern  part  of  the  ranee.  That 
is  to  say,  while  the  snperjaccnt  series  in  middle  and  northern 
California  liavc  been  profoundly  faulted  by  the  movemenls 
which  travc  rise  to  the  Sierra  Nevada  tilted  hlock,  there  appears 
to  bjive  lii'cii  no  foldinfr  of  such  rocks:  while  here  on  the  north 
side  of  the  enst  end  of  Tcliaehapi  Valley  the  evidence  of  flexure 
is  TiKirked. 

Oiillils  i,f  Tiluirlt'ijii  V aUr;/. —W'l-hapa  the  uiost  remarkable 
fcMture  of  Tehiicbapi  Vidley  is  the  fact  that  it  has  two  outlets. 
Bolli  of  these  arc  incisive  stream  Kort:es  cut  in  the  •iraiiitc  rocks 
of  the  licd-rock  Comph'.x.  One  drains  the  western  portion  of  the 
valley  to  llie  (ife;it  Valley  and  is  occupied  by  Tehachapi  Creek 
wliic-h  Iciivcs  liie  viilley  iit  its  noi-thwest  corner.  The  other  drains 
1Ik>  eiislei-ii  part  of  the  vjilley  to  Mohave  Desert.  The  Tehachapi 
^^v■■<■\y  L-oi'-e  has  a  hii.'her  >rrade  than  that  loading  out  to  ilohave. 
eiinies  tiiorc  walci'  and  is  more  sliarply  out.    The  canon  drainin;;: 
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out  to  Mohave  is  wider  in  its  bottom,  carries  little  water  except 
during  heavy  rains,  and  in  its  upper  part  is  encumbered  with 
stream  gravels  and  sands.  In  its  lower  part,  however,  the  grade 
becomes  too  steep  for  this  stream  drift  to  linger  on  the  canon 
floor  and  the  stream  runs  on  bed  rock.  On  the  whole,  the 
Mohave  outlet  of  the  valley  presents  a  more  mature  aspect  than 
the  gorge  of  Tehachapi  Valley.  The  divide  between  these  two 
drainages  lies  in  the  nearly  flat,  expansive,  alhiviated  floor  of 
Tehachapi  Valley  near  its  middle  part.  The  explanation  of  this 
anomalous  drainage  must  be  deferred  till  certain  other  features 
of  the  geolog>'  of  the  valley  are  presented. 

Although  the  fossil  leaves  of  the  sandstones  and  shales  of 
Cache  Creek  indicate  that  they  were  laid  down  in  a  fresh-water 
basin,  it  is  not  supposed  that  this  basin  had  any  structural  rela- 
tion to  the  present  Tehachapi  Valley.  The  Cache  Creek  beds 
are  apparently  much  more  extensive  to  the  northeast  than  the 
limits  of  the  valley  in  that  direction.  Cache  Creek  Valley,  more- 
over, is  a  valley  of  erosion  cut  in  part  out  of  the  sandstone 
formation.  As  will  be  seen  later  there  is  ground  for  believing 
that  Cache  Creek  Valley,  as  a  geomorphic  feature,  probably  ante 
dates  the  main  Tehachapi  Valley.  The  tuffs  and  agglomerates 
of  White  Rock  Creek  are  probably  of  about  the  same  age  as 
the  sandstones  and  were  doubtless  laid  down  in  the  same  basin. 

In  the  northwest  corner  of  Techachapi  Valley,  however,  there 
is  a  group  of  formations  which  seem  to  have  a  somewhat  more 
intimate  relation,  as  regards  their  basin  of  accumulation,  with 
the  present  Tehachapi  Valley.  These  formations  will  be  flrst 
listed  in  the  order  of  age  and  their  characters  and  relationships 
will  then  be  briefly  reviewed : 

1.  An  Ancient  Alluvium,  here  designated  the  Atlas  Forma- 

tion. 

2.  Andesitie  lava  flows  and  tuft's,  here  designated  the  Tank 

Volcanics. 

3.  Fresh-water  lake  beds,  here  desi*rnated  the  Cable  Form<i' 

Hon. 

4.  Post-lacustrine  alluvium,  here  designated  the  Tehachapi 

Fonnatioii, 
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Allns  Formation, — Thin  formation  is  kiifiwti  fnmi  three  ex- 
ponures.  (ine  at  the  nose  of  thp  ridfw  one  mile  wpst  nf  Tehachapt 
stfttinn  on  the  north  side  of  nnd  immcdiHtely  udjacent  to  the 
railwBy:  another  in  tho  cut  nnp-eighth  of  a  mile  below  Cable. 
jiist  north  of  the  steel  bridge;  and  the  third  in  the  bottoms  of 
eertftin  ennons  tributary  to  Tehachapi  Creek  on  the  east  side  of 
the  railway  iind  about  midway  between  Cable  and  Tehaehapi 
stations.  In  all  three  of  these  exposures  the  formation  has  the 
same  characters  and  the  same  stratiEraphie  position.  It  is  made 
up  of  nnifular  frairments  of  rocks  of  the  Bed-rock  Complex' 
ineliidiue  schists,  (iiinrlz-diorite.  granite,  etc..  pieces  of  quarts 
and  considerable  pmnile  aand  or  arkose.  The  frajrments  are 
frequently  from  6  to  12  inches  in  diameter  but  are  prevailingly 
less  than  B  inches  across.  This  agfrregate  presents  the  normal' 
characters  of  a  fyjiical  allu\'inm,  such  as  is  deposited  at  the 
mouth  of  a  hieh  prade.  short  mountain  stream.  This  alluvial 
debris  has  been  well  cemented;  but  since  its  cementation  it  has 
bt*n  thoroughly  deeompiwed.  so  that  the  blocks  and  smaller 
fra^nei3ta  of  the  crystalline  roeks  are  now  soft  and  incoherent 
and  crumble  under  the  pressure  of  the  fingers.  Independently 
of  the  stratigraphic  position  of  this  formation,  it  is  easily  recop:- 
iii/i'd  and  distinsniisbed  from  other  alluvial  accuinuliitions  of  the 
n-izioTi  by  these  two  ehiirji.-tei's:  viz:  its  ceiDciitalioii  and  ils  de- 
c;ive.I  c.ridilioTi.     In  the  railway  cut  one-.^itrhtli  of  a  riii5e  l)clow 
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on  the  railway  grade  there  is  exposed  an  area  of  20  or  30  acres 
of  andesitic  lava  which  probably  overlies  the  decomposed  allu- 
vium. The  entire  absence  of  fragrments  of  lava  in  the  alluvium, 
although  carefully  looked  for,  is  in  accord  with  this  interpreta- 
tion which  is,  however,  based  on  independent  structural  evidence. 

Tajik  Volcanics. — These  rocks  are  best  exposed  in  the  vicinity 
of  the  railway  tank  which  is  situated  about  2  miles  below 
Tehachapi  station  on  Tehachapi  Creek.  The  lava  is  expcxsed 
over  an  area  of  20  or  30  acres  with  a  slope  of  5°  to  the  west  and 
a  vertical  ran<re  of  about  150  feet.  Its  relations  here  are  not 
as  well  revealed  as  in  other  localities,  but  it  appears  to  rest 
in  part  upon  the  Atlas  Alluvium  mentioned  above,  and  is  cer- 
tainly below  the  Tehachapi  formation.  The  Cable  formation  is 
not  here  exposed. 

Another  occurrence  of  the  lava  is  on  the  west  side  of 
Tehachapi  Creek  to  the  west  of  the  high  ridge,  composed  of  the 
Cable  and  Tehachapi  formations,  which  is  situated  southwest  of 
Cable  station.  Here  the  lava  rests  upon  an  old  surface  of  the 
Bed-rock  Complex  composed  of  granitic  rocks,  schists  and 
crystalline  limestone  and  is  clearly  stratigraphically  below  the 
easterly  dipping  beds  of  the  Cable  and  Tehachapi  formations.  A 
third  occurrence  has  already  been  mentioned  in  speaking  of  the 
exposure  of  the  Atlas  Alluvium  below  Cable.  Here  it  was  stated 
that  the  Atlas  Alluvium  was  overlain  by  a  bed  of  yellow  tuff 
and  a  thick  sheet  of  andesitic  lava.  The  same  section  shows  very 
clearly  the  superposition  of  the  Cable  lake  beds  upon  the  sheet 
of  andesite. 

The  tuffs  and  agghmierates  which  lie  upon  the  Atlas  Allu- 
vium in  the  country  between  Cable  and  Tehachapi  station  are 
without  question  to  be  correlated  with  the  lava  as  part  of  the 
same  volcanic  extravasation.  These  volcanics  as  has  been  shown 
are  clearly  above  the  Atlas  Alluvium  :  but  they  are  no  less  clearly 
below  the  Cable  hike  beds  which  are  well  exposed  by  the  same 
dissection  as  that  which  has  revealed  the  underlying  beds. 

Cable  Formation. — The  rocks  of  this  formation  are  best  ex- 
posed in  the  vicinity  of  Cable  station  on  both  sides  of  the  canon 
of  Tehachapi  Creek.  They  comprise  limestones,  cherts,  gravels,, 
clays,  and  fine  light  colored  volcanic  tuff'.     The.se  rocks  are  for 
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tlic  moMt  part  well  stratified  and  have  a  thickness  which  is  esti- 
itiatf d  at  about  250  fwt,  Where  the  base  is  exposed,  the  forma- 
tion rcsia  in  wmie  places  upon  the  Tank  Andesite,  as  ou  the 
west  side  of  Tvliachapi  Crwk  below  Cable,  in  some  places  on  a 
coarse  ati^lonierHte  made  up  of  audcsitic  fra^cments,  and  in  other 
exposurea  directly  upon  the  rocks  of  the  Bed-rock  Complex.  In 
everj'  case  where  it  is  exposed  it  is  overlain  by  the  allu\ium  of 
the  Teliachapi  formation.  The  limestones  are  cherty  and  contain 
fresli-water  moUuscan  remains  such  as  speciea  of  Planorhia  and 
Physa  in  a  ^ood  slate  of  preservation.  The  eluys  are  more  or 
less  admixed  with  fine  volcanic  ash  and  in  such  beds  there  are 
often  remains  of  roots  and  stems  which  have  been  thoroughly 
silieified.  Not  only  arc  the  limestontsa  cherty  but  they  pass  aloD)^ 
the  strike  into  beds  which  are  composed  almost  wholly  of  evenly 
stratified  light  colored  to  white  eherta.  These  cherts  outcrop 
rather  boldly  and  as  they  occur  near  the  base  of  the  series  they 
facilitate  the  delimitation  of  tJie  area  of  the  fonnation.  The 
pebble  beds  are  not  more  than  a  few  feet  thick  and  are  composed 
of  smoothly  rounded  pebbbs  of  small  size.  These  beds  of  eourse 
indicate  shallow  water  conditions  and  proximity  to  the  shore 
line  of  the  lake.  The  occurrence  of  volcanic  ashes  in  the  clays 
and  as  distinct  beds  may  indicate  a  survival  into  the  laeustral 
period  of  the  volciuiic  activity,  which  gave  rise  to  the  pre-lacus- 
tral  and  underlying  Tank  Voicanics ;  but  it  may  also  be  explained 
as  due  to  the  erosion  of  these  earlier  volcanic  deposits.  To  the 
east  of  Tehaclinpi  Creek  these  fresb-water  beds  strike  southeast 
from  Cable  and  dip  southwest  beneath  the  overlyinj,'  Tchaehapi 
alluviiun  at  anjries  varying  from  \'1°  to  20  \  for  a  distance  of 
nearly  ;i  miles.  In'vom!  which  the  outcrop  can  no  longer  lie  fol- 
lowed with  (Trt;iinty.  The  strike  at  the  point  where  the  outcrop 
emis  imihalily  swim;s  anmud  to  south  anti  follows  the  lower  east 
fhuik  of  llie  ridge  exlciuliiiir  toward  Teliachapi  station.  To  the 
\sest  of  the  erwk  below  Cable  they  dip  southerly  and  theuec 
going  south  Ihe  sti'lke  swings  aiMuud  tn  north  and  south  with 
iui  easti'ily  <lii>  and  at  a  ])oint  about  a  milcjioilh  of  Cable  sta- 
tion llie  iliji  of  Ibe  beds  is  vertical.  About  three-quarters  of  a 
i[iile  sniilhwesl  of  Tehneliapi  station  near  the  ccmefery  there  is 
ill!   oulerop   oi'   caleaieous   clays   from   beneath   the   Tehaehapi 
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alluvium.  These  clays  are  probably  a  portion  of  the  fresh-water 
formation  and  if  so,  they  indicate  a  northerly  dip  of  the  forma- 
tion. 

It  thus  appears  that  the  Cable  fresh-water  beds  lie  in  an 
asymmetric  synclinal  trough,  the  nose  of  which  is  situated  below 
Cable  at  the  point  where  the  strike  changes  its  course  from 
northwest  and  southeast  to  north  and  south.  An  interesting 
fact  indicating  at  once  the  former  extent  of  the  lake  beds  and 
the  nature  of  the  deformation  to  which  they  have  been  subjected 
is  the  occurrence,  on  a  spur  of  the  mountains  to  the  north  of 
Tehachapi,  at  a  point  about  2  miles  north  of  the  station,  of  an 
outlying  patch  of  cherts  plastered  as  it  were  on  the  face  of  the 
mountain  slope,  the  dip  of  the  beds  determining  the  angle  of 
declivity.  The  projection  of  these  beds  to  the  northeast  would 
csLTTy  them  over  the  entire  southerly  slope  of  the  mountains  on 
this  side  of  the  valley. 

Tehachapi  Formation. — In  the  trough  above  indicated  lies  a 
great  body  of  coarse  alluvium,  the  Tehachapi  Formation,  repos- 
ing upon  the  Cable  fresh-water  beds  and  having  approximately 
the  same  a  real  distribution  as  those  beds.  It  is  well  exposed  in 
many  steep  slopes  and  railway  cuttings  in  the  caiion  of  Tehachapi 
Creek  above  Cable.  In  these  exposures  it  is  seen  to  be  composed 
of  a  coarse  aggregation  of  rock  fragments  such  as  is  usually 
found  near  the  apex  of  the  alluvial  cone  of  a  steep-grade  stream. 
These  rock  fragments  are  in  a  fresh  undecomposed  condition 
and  are  but  slightly  cemented  together  so  that  separate  blocks 
may  be  detached  from  the  aggregate  with  ease.  These  materials 
comprise,  not  only  granite  rocks,  schists,  limestone  and  quartz 
of  the  Bed-rock  Complex,  but  in  certain  portions  of  it  there  are 
numerous  blocks  of  the  Tank  Aiidcsite.  lu  the  lower  pail;  of 
the  formation  where  it  rests  upon  the  uppermost  beds  of  the 
Cable  formation,  the  rock  fragments  are  comparatively  small, 
masses  the  size  of  a  fist  and  less  predominating  and  there  is  a 
considerable  admixture  of  sand.  Here  the  material  is  rudely 
stratified  and  where  the  contact  is  exposed  in  the  railway  cuts 
above  Cable  the  dip  of  this  stratification  is  the  same  as  that  of 
the  underlying  lake  beds,  about  12°  to  the  southwest.  In  the 
higher  parts  of  the  formation  the  angular  blocks  of  which  it  is 
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compiwHl  are  mut-h  Inrger  in  size  and  in  tlii'  liif^liest  portions 
spaalsof  rock  10  feel  in  diumcter  are  o<;casionaUy  met  with  wliile 
massM  from  U  to  5  feet  in  diameter  are  quite  common.  In  gen- 
«ml,  HtrDtificatioD  is  not  apparent  throughout  the  formfttion  even 
in  excellent  exposures  except  at  its  base,  as  above  mentioned, 
and  it  in  diffieiilt  to  estimate  its  thiekneas.  Some  idea  of  its  vol- 
ume may  be  obtsined,  however,  from  the  fact  that  the  hichest 
part  of  the  formation  is  350  feet  above  the  level  floor  of  the 
vtilley  at  Tehaehapi  Station  and  assiiming  a  nentle  sj-noline  for 
the  Ktntt^turt-  of  the  formation  as  a  whole  this  fi^nire  may  be 
taken  as  a  valuo  for  its  thickness. 

This  thiek  accumulation  of  coarse  alluvium  is  the  i-eeord  of 
an  impui-taut  event  in  the  diastrophic  history  of  the  southern 
Sieri-a  Nevada.  It  is  considered  by  the  writer  to  have  been, 
anterior  to  itjt  deformation  and  degradation,  a  great  cone  such 
aa  is  found  commonly  where  high  grade  streams  emerge  from 
narrow  mountain  canons  and  spread  out  abruptly  upon  a  lower 
grade  valley,  Their  situation  is  always  alonjf  lines  of  ireomor- 
phie  diRcordance,  or  where  the  geomorpbie  features  of  the  moun- 
tain are  completely  out  of  harmony  with  those  of  the  adjacent 
valley  from  the  point  of  view  of  erosional  evolution.  Such  situa- 
tions iiiv  prodii.-,.(l  In-  faiilting  (ir  by  ollK-r  ;iriit.e  doforniati.ni  of 
Ut.'  ivgion,  wluTi'liy  llie  iiKjuntain  iiiiis.s  hits  been  iiplit'ted  rela- 
tivi-ly  lo  Ihe  vaili'V.  Oi-i-asionally  ii  trunk  slrcaiu  may  tlow  Ui  a 
i-afion  ubii-b  lias  li.'on  overdce]ien.>d  ri-lalively  to  il.s  triltutaiii-s 

and  Ihr  .- litiojis  may  in  such  cases  ho  favorable  for  the  dcvel- 

ii|.iiiirit  uf  alluvial  I'lmes  at  the  mouths  of  the  hanirins:  vidl.'vs. 
Tiirse  eoiulilioii.s,  however,  are  nu>st  (■(immonly  found  in  iilwi- 
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country  where  no  high  grade  streams  had  previously  existed.  It 
is  noteworthy,  moreover,  that  the  position  of  this  coarse  alluvial 
material,  in  the  northwest  corner  of  the  present  Tehachapi  Val- 
ley, establishes  the  fact  that  its  source  was  in  the  mountains  to 
the  south.  In  other  words,  it  is  clear  that  at  the  time  of  the 
accumulation  of  this  great  alluvial  cone  the  drainage  was  from 
the  n-orth,  and  was  approximately,  in  part,  along  the  line  of  the 
present  deep  canon  of  Tehachapi  Creek  which  flows  from  south 
to  north.  The  present  drainage  then,  to  the  Great  Valley  of 
California  has  a  direction  which  is  the  reverse  of  that  which 
formerly  obtained  along  the  same  general  course.  This  fact  is 
one  of  prime  significance  in  any  attempt  to  explain  the  present 
dual  outlet  of  Tehachapi  Valley. 

But  while  it  is  clear  that  orogenic  movements  inaugurated 
the  accumulation  of  the  great  cone,  it  is  no  less  clear  that 
orogenic  movements  subsequent  to  its  upbuilding  have  deformed 
it.  What  is  left  to-day  of  the  great  cone  is  but  a  remnant  of 
its  original  mass  and  extent.  It  now  lies  in  a  synclinal  trough. 
Whenever  its  base  is  exposed  it  reposes  upon  the  Cable  lake 
beds  and  the  rude  stratification  of  the  lower  part  of  the  forma- 
tion where  exposed  above  Cable  Station  is  parallel  to  that  of 
the  lake  beds.  It  probably  nowhere  extends  at  present  beyond 
the  rim  of  the  synclinal  trough  formed  by  the  lake  beds.  It 
certainly  does  not  in  the  numerous  and  often  persistent  expos- 
ures where  the  two  are  seen  in  juxtaposition.  The  lake  beds  are 
nowhere  horizontal  but  dip  in  all  observed  cases  for  several 
miles  of  outcrop  on  diflierent  sides  of  the  trough  under  the 
alluvium,  and  on  the  west  side  of  the  trough  they  are  well  ex- 
posed in  one  locality  in  a  perfectly  vertical  attitude.  It  is  evi- 
dent then  that  the  whole  body  of  the  alluvium  has  been  subjected 
to  the  same  measure  of  deforination  as  that  which  can  be  made 
out  clearly  from  the  attitude  of  the  underlying  regularly  strati- 
fied lake  beds. 

Planation. — Since  its  deformation  the  Tehachapi  alluvium 
has  been  broadly  terraced  by  stream  action,  the  terrace  has  since 
been  deeply  dissected  and  the  mass  has  otherwise  been  degraded 
by  the  forces  of  erosion.  The  broad  terrace  which  truncates  a 
large  proportion  of  the  total  area  of  the  formation  is  a  most 
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interesting  feature  nf  the  geomorphy  of  the  reRioii.  The  terrace 
IK  not  oonHnitl  to  the  HlliiTial  formation,  but  esttfndit.  ns  a  broad 
even  plain,  indifferently  across  the  alhivinin,  the  soft  bed*  and 
hiird  cherta  of  the  Cable  formation,  and  the  sehists.  limestones 
and  KHinitt^  of  tlie  Bed-roek  Complex.  The  terrace  slopes  down 
to  the  south  at  a  low  anfrle.  Its  expunw  inereasw  hIso  in  this 
diri'dion  and  it  eventually  pn«ae!*  beneath  the  present  floor  of 
Tehaehapi  Valley  where  it  nieetfi  the  opposite  slope  of  the  Chins 
Hill  alln^ial  fan.  The  terrace  heeomcji  ennstricted  to  the  north, 
and  leaving  the  valley  it  paswi'S  intn  the  mountains,  which  lie  on 
this  side  of  the  valley,  in  the  form  of  beneh-like  remnants  high 
Op  on  the  eastern  slope  of  TehHchupi  ounon.  Just  before  passing 
into  the  mountains  north  of  Cahle,  it  is  bounded  on  the  west  for 
a  short  distanee  by  a  sharp  residiml  ridge  of  the  Tehaehapi 
alluvium.  Beyond  the  south  end  of  this  ridge,  however,  the  ter- 
race extends  over  to  tlie  steep,  rocky  mountain  slope  which  forma 
the  western  lioundary  of  the  valley.  On  the  east  aide  of  the 
railway  above  Cable,  the  stream  which  carved  the  terraee,  in 
the  course  of  its  meandering  and  lateral  eorrasion,  cut  an  embay- 
ment  over  a  mile  in  breadth  nut  of  the  main  mans  of  the 
Tehaehapi  Alluvium.  This  embayment  is  bounded  on  the  east 
and  smith  by  a  relatively  high  seniicircnlar  residual  ridge  of  the 
alliiviiiiu.  This  semicircular  ridge,  tugether  with  the  similar 
residual  ridge  on  the  west  side  of  the  railway  nearer  Cable,  are 
so  disposed  tis  to  give  these  prominent  residuals  of  the  Tehaehapi 
alhiviiuii  the  configuration  of  »  terminal  moraine.  This  super- 
ficial reseniblaiice  to  a  moraine  is  enhanced  by  the  numerous 
s]iiiii!s  of  rock  of  considerable  size  which  weather  out  of  the  allu- 
viinn  and  lie  strewn  over  its  surface.  The  facts  above  cited 
prove,  however,  that  the  resi'mblance  to  a  moraine  is  quite  super- 
fieiiil  and  accidental  as  regards  at  least  its  form.* 

It  has  been  pointed  out  that  the  source  nf  the  materials  for 
the  Tehaehapi  Alluvium  was  probably  iu  the  mountains  to  the 

■  It  is  til  1"'  iilpwcrvrd  that  on  the  basis  of  its  composition  alone  thtre 
iiiiyiit  III:  imiyiilcnil.lci  ilmilit  as  to  whether  the  Tehaehapi  formation  were 
lliiti^ilih-  i<r  i;l:u'inl  in  uri^'iii.  Itut  as  the  mountains  of  the  region  do  not 
c'liiiil   71111(1   iV-i-t   in  jiltitiiilt'.  anit   jircsent   no  traces  of   glaeial   seulptnre, 

till-   urliiT   ":is   fiini'il   to   rejei't   the  glatial   hypothesis  and   interpret   the 
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Teliacliajii  l.'reek  iiH  it  Itinvfti  Tohaphapi  Valley  near  Cable,  siiow- 
ing  the  degree  of  dissection  of  the  terrace  sliown  in  Plate  46. 


Stream  terraee  near  C'nblr  ou  the  Hides  of  the  riiiion  of  Tchui:hH[ii 
Creek.  Tlie  terraee  slopes  up  to  the  aorth,  the  direction  of  the 
present  ilrninage. 
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north  of  the  present  Tehachapi  Valley,  these  materials  having 
been  brought  to  the  seat  of  deposition  by  a  high  grade  stream 
engaged  in  the  rapid  dissection  of  a  recently  uplifted  mountain 
block.  It  has  been  shown  further  that  the  later  orogenic  move- 
ment which  deformed  the  Tehachapi  Alluvium  was  characterized 
by  a  recurrence  of  the  uplift  on  the  north  side  of  the  present 
Tehachapi  Valley.  The  stream  which  gave  rise  to  the  Tehachapi 
Alluvium  would,  by  this  second  uplift,  have  had  the  grade,  to 
which  it  had  attained,  again  accentuated.  This  accentuation  of 
grade  would  apply  now  to  the  country  occupied  by  the  alluvial 
cone  and  the  latter  would  consequently  be  dissected.  The  dissec- 
tion of  the  cone  would  continue  till  a  grade  profile  was  estab- 
lished, when  the  stream  would  begin  to  meander  and  evolve  an 
ever-widening  flood-plain  on  a  stream-cut  terrace.  This  terrace 
would  be  cut  out  of  the  alluvium  and  the  rocks  adjacent  to  it 
or  under  it  indifferently.  The  histor>'  thus  sketched  appears  to 
be  that  of  the  broad  stream  terrace  which  has  been  described  as 
traversing  the  Tehachapi  Alluvium,  the  Cable  lake  beds,  and  the 
various  rocks  of  the  Bed-rock  Complex  above  Cable. 

If  this  interpretation  be  correct,  then  it  is  clear  that  the 
drainage,  at  the  time  that  the  terrace  was  functional  as  a  flood- 
plain,  was  from  the  north  and  not  towards  the  north  as  at 
present. 

Dissection  and  Reversal  of  Drainage. — Since  its  completion 
the  terrace  has  been  deeply  dissected  and  this  dissection  has  been 
effected  by  a  northerly  flowing  stream,  the  present  Tehachapi 
Creek  which  drains  into  the  Great  Valley.  In  the  vicinity  of 
Cable  this  dissection  amounts  to  350  feet  or  more;  and  in  the 
tributary  creek,  which  comes  in  from  the  left  from  China  Hill, 
and  which  joins  Tehachapi  Creek  about  half  a  mile  above  Cable, 
cutting  through  granite,  schist,  limestone.  Cable  lake  beds  and 
Tehachapi  Alluvium,  the  disseeticm  is  about  250  feet  in  depth. 
The  valley  of  this  stream  where  it  cuts  through  the  hard  rocks 
has  a  width  of  about  150  feet  and  in  the  soft  rocks  of  over 
300  feet  on  its  bottom. 

Two  circumstances  seem  to  have  conspired  to  bring  about 
the  reversal  of  the  drainage  above  indicated.  It  has  been  shown 
that  the  terrace  surface  slopes  to  the  south  and  passes  beneath 
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the  modem  Rlluvtum  of  Tclmdiapi  V«lk'y.  or.  more  particularly, 
biTioath  tbt'  ulliiviuRi  oE  th«  Chin«  HiU  cone.  What  it*  extent  1 
may  be  hetieiith  thin  Illlu^-itUIl  is  unknow-n  hut  it  is  clear  that  d 
tie  accumulation  of  this  alluvium  upon  tlie  southern  extensioit'B 
of  the  flood-plain  would  tend  to  pound  back  the  waters  cominerj 
from  th«  north  and  eintm;  them  to  seek  another  nutlet  if  suebf 
were  nvaiUhle. 

Such  an  outlet  was  provided  hy  the  headwater  erosion  of  I 
stream  on  the  Oreat  Valley  side  of  the  mountains.  The  two  ' 
orogeuic  movementi  which  have  been  recorded  ns  affecting  the 
mountains  in  this  direction  greatly  accentuated  the  gradt-  of  the 
streams  on  the  north  side  of  the  divide,  and  one  of  these,  the 
prv-sent  Tchui-hapi  Creek,  caused  the  divide  to  migrate  southerly 
till  it  reached  the  terrace  of  the  southerly  flowing  stream,  and 
not  only  effected  its  capture  but  provided  an  outlet  for  its  - 
beheaded  portion,  the  waters  of  which,  in  greatly  diminished  | 
volumii.  were  obstructed  by  the  excessive  accumulation  of  hIIu- 
viuin  upon  its  flood-plain.  The  question  now  arisett  as  to  the 
cause  of  this  escesaive  accumulation  of  alluvium.  The  answer 
to  this  question  is  very  pointedly  suggested  hy  a  consideration 
of  the  geomorphie  features  of  the  region  which  is  the  source 
of  that  alluvium.  The  aliuviiini  all  comes  from  a  few  sharp. 
luri'i-iilLal  ciiNiuis  whit-h  i'iiK'rj;i',  abiive  m-ade,  upon  Tehat-bapi 
Vall.'v.  from  the  .•^traiizbt.  I.old  wjill  ..f  Tchacbapi  uioontaiii 
wlii<-li  I'f-rtns  111.-  wi-slt-rn  half  of  Ibc  soiithi-rn  lioundai-y  uf  thy 

vallrv.     Till'  lit oi-pliic  discordance  which  tbese  canons  present 

to  til.'  hiuad,  alluviatcd  Tcluu-bapi  Vulley  is  in  itself  ample 
inoiil"  of  llir  i'ai-l  that  llio  mountain  mass  which  they  dissect  is 
a  t';iult  hlni-k.  'I'lu'  iiiirtbcrn  slope  of  the  mountain  is  steop  and 
ON  tilt-  ulinli-  not  i:rcatly  dcgnidod.  This  face  litus  a  rcttniar  .-ast 
iiiiii  wi-st  tn-mi.  I)ansvciw  to  Ihe  strike  of  the  schists  and  lijin-- 
stom-s  which  loycthcr  with  granitic  rocks  make  up  its  riia.ss.  The 
caHoiis  wliicli  disi-hitrge  tlic  idluvium  arc  relatively  so  iusigiiili- 
.iiiit  iliat  ilii-y  do  !ioi  ■.'fuatly  notch  the  longitudinal  pvolili-  of 
till-  iiiouiilaiii  and  their  mouths  can  scarcely  be  perceived  at  a 
,li.-<lMiir,.  of  a  iVw  miles.     If  siieh  evidence  that  ibc  fa./c  of  the 

i iiilaiii    is  a    di-i;i-a(led   fault   scarp  were    not  .sullicient.    more 

.liirrt   .vidi-iKi-   may  he  observed  at  the  point   where   .\n1clo]ie 
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Creek  emerges  upon  the  valley.  Here  it  is  apparent  that  the 
apex  of  the  alluvial  cone  which  spreads  out  from  this  point  across 
the  entire  breadth  of  Tehachapi  Valley  was  established  when  the 
rock  bottom  of  the  creek  within  the  mountain  was  much  higher 
than  it  is  at  present.  The  caiion  bottom  has  been  corraded  down 
to  a  depth  of  250  feet  below  the  apex  of  the  cone  and  this  deep- 
ening of  the  rocky  canon  has  necessitated  the  dissection  of  the 
higher  part  of  the  alluvial  cone.  There  is  thus  exposed  in  the 
walls  of  the  canon  the  contact  betwen  the  buried  face  of  the 
mountain  and  the  alluvium  which  reposes  against  it  through  a 
vertical  range  of  250  feet.  This  contact,  while  not  absolutely 
vertical,  is  so  nearly  so  that  the  rock  surface  against  which  the 
alluvium  rests  can  be  interpreted  only  as  a  fault  scarp.  That  is 
to  say,  it  is  the  lower  portion  of  the  general  fault  scarp  of  the 
mountain  front  which  has  been  preser\'ed  by  burial  from  the 
greater  part  of  the  degradation  which  has  affected  the  upper 
portion. 

In  the  recognition  of  the  fault  scarp  nature  of  this  moun- 
tain front  we  have  evidence  of  a  third  orogenic  movement,  and 
its  discreteness  in  time  from  the  other  two  movements,  which 
have  been  recorded  as  affecting  particularly  the  north  side  of 
the  present  valley,  is  proved  by  the  fact  that  the  alluvial  debris 
which  was  produced  by  the  torrential  corrasion  of  the  uplifted 
block,  was  dejected  upon  the  broad  terrace  which  had  been  in 
part  cut  out  of  the  deformed  Tehachapi  Alluvium. 

Mature  Gcomorphy. — If  now  we  continue  our  consideration 
of  the  south  boundarA-  of  Tehachapi  Valley  into  its  more  eastern 
part  beyond  the  portion  which  has  just  been  identified  as  a  fault 
scarp,  we  come  upon  a  totally  different  type  of  geoinorphic 
expression.  Here  the  valley  is  bounded  on  the  south  by  a  range 
of  hills  of  gently  flowing  profiles  and  contours.  The  hill  tops 
are  flatly  rounded  and  there  are  no  incisive  canons  dissecting 
them.  The  slope  to  Tehachapi  Valley  is  not  steep  and  abrupt 
but  descends  as  an  undulating  surface,  on  the  lower  parts  of 
which  there  are  remnants  of  stream  terraces  strewn  with  well 
washed  cobbles  and  pebbles.  The  height  of  these  hills  is  prob- 
ably about  1000  feet  above  Tehachapi  Valley  or  less  than  half 
the  height  of  the  fault  block  mountain  immediately  to  the  west 
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of  it.    Tlie  edge  itf  tb«?8e  mature  hills  where  they  meet  the  floor  I 
iif  Tehnchapi  Valley  ii*  not  ft  stmight  line,  as  is  the  ca»>  witll  1 
the  fault  warp  to  the  west,  but  is  more  or  less  indentate  and  < 
the  whole  siDuoiiM  or  conewvc  to  tlie  north.     It  is  evident  from'] 
(he  fiu'ts  eitcd  that  we  have  htre  t».>  deal  with  a  qnite  mataraj 
geouiorphy  wUifh  has  been  entirely  nnaffected  by  the  digloca-l 
tion  upon  whieh  the  faidt  Mock  to  the  west  was  uplifted.    Whco  I 
first  viewed  from  a  distance  the  eoutrast  between  these  two  por-  J 
ttons  of  the  ooutb  iKiiindary  of  Tehachapi  Valley  was  bo  striking-l 
that  tlie  writer  stippoaed  that  the  tiiiderlying  rocks  must  be  U^\ 
tally  different.    But  an  inspection  of  the  ground  showed  that  t 
wax  not  the  case.    The  rocks  which  underlie  the  geomorphically 
mature  hills  to  the  east  have  the  same  graiiitie  ehtiraeter  as  those 
which  form  the  bulk  of  the  fault  block  moimtaia  to  the  west  with 
its  bold,  youthful  features.     It  seenisi  clfftir,  then,  that  the  faidt 
warp  dofti  not  extend  eastward  beyond  the  dividing  line  between 
these  two  contrasted  types  of  n!eomori>hy.     It  follows  from  this 
that  the  dividing  line  between  the  fault  block  mountain  and  the 
unfaulted,  mature  hills  inunediately  to  the  east  of  it  is  a  traii«- 
verse  or  north  and  xrnith  fault,  and  that  the  fault  bloek  is  tilted 
to  the  west  as  well  as  to  the  south. 

Ruch  a  mature  fjeoinorphy  as  has  been  above  indicated  is 
eviiK-iUly  l>iil  a  iviiiiiiiiit  of  «lijit  wa.s  uuce  the  general  condition 
of  the  rL'yioii,  and  as  ihi.s  njature  siirfiK-i;  passes  down  bi'noaih 
the  tioor  of  Tfhai-hapi  Valley,  it  is  probable  that  we  have  beneath 
this  part  of  the  valli'V  an  earlii.T  iiiature  valley  uf  eriisiou  ijuile 
ditVciTdt  in  its  (;'(iiiJii;iiratiori  fnnii  the  iiiodc-ru  feature.  Towards 
the  eastern  outlet  of  Teliiiehapi  Valley,  the  north  and  south  sides 
of  the  valley  eniivei't:e  and  here  the  edge  of  the  mature  hills  is 
<iuite  abrupt,  hut  their  neclivity  ajipeai-s  to  be  that  of  a  stream 
cliff  of  a  stream  no  longer  functional,  whose  roeky  bed  is  deeply 
Iniried  in  the  alluvium  from  Caelie  Creek. 

Wislu-ii  Huiiiidanj  vf  Valhij. — There  remains  to  be  noted 
liie  western  Imundary  of  the  valley.  This  is  a  steep  mountain 
sl'ijH'  "i  vecy  cveii  and  l>ut  feeidy  notched  front,  except  for  the 
i;a|j  iiitii  Brites  Valley.  This  as  will  appear  later  is  the  revet- 
tiieiit  emi  of  a  rather  narrow  fault  block  and  as  such  has  but 
little  wale?-  \i\  ilisehargc  to  Tehachapi  Valley  and  so  has  been 


^ 


1 

BULL     DfPT    G-OL     UMV.   CH-.                                           l/OL    4,    PL.  47                                ^H 

j^g 

■ 

A.     De|tr«.le.f    fjiult-srarp  forminc  llie  western  lialf  nf  Ihe  soulhern 
boun<ldr7  at  Tekai-hapi  Vallej. 

1 

BB| 

1 

B.      Malurr  l„i.„j.rai.lij-  uf  tlie  i.ioimtBiiit.  U.rniinK  llie  «isU-iii  hull   oS 
rl>e  sourliem  boundary  of  Tchacbapi  Valley. 

1 

Vol.  4]  Lawson, — Tehachnpi  Valley  System,  451 

but  slightly  affected  by  stream  erosion.  It  can  scarcely  be 
regarded  as  other  than  a  somewhat  degraded  fault  scarp.  The 
date  of  its  origin  is,  however,  not  quite  clear.  It  appears  to 
have  antedated  the  broad  terrace  which  lies  at  its  foot,  and  may 
with  much  probability  be  referred  to  the  period  of  orogenic 
movement  which  deformed  the  Cable  Lake  beds  and  the 
Tehachapi  Alluvium,  since  the  western  edge  of  the  trough  in 
which  these  fonnations  lie  is  parallel  to  its  trend  and  the  trough 
on  this  side  is  most  acutely  deformed  so  that,  as  before  stated, 
the  Cable  Lake  beds  and  the  plane  of  contact  between  them  and 
the  overlying  alluvium  are  in  vertical  altitude.  It  is  probable, 
however,  as  will  appear  in  the  sequel,  that  a  second  movement 
of  minor  extent  took  place  on  this  same  fault  at  a  later  date. 

GEOLOGICVL  UISTORY. 

Reviewing  now  the  data  that  have  been  presented,  the  history 
of  the  evolution  of  Tehachapi  Valley  in  so  far  as  the  writer  has 
been  able  to  decipher  it,  in  the  limited  opportunities  at  his  dis- 
posal, may  be  summarily  stated.  It  is  not  presumed  that  the 
statement  is  complete.  When  the  region  is  mapped  and  its 
features  are  more  closely  studied  it  will  doubtless  be  amplified, 
and  perhaps  in  some  respects  modified. 

After  the  profound  degradation  of  the  mountain  mass  which 
resulted  at  the  time  of  the  mid-Mesozoic  revolution  in  conse- 
quence of  the  invasion  of  the  region  by  the  Sierran  batholith,  a 
basin  of  deposition  was  developed  in  which  accumulated  the  sand- 
stones, conglomerates  and  shales  of  Cache  Valley,  and  the  tuffs 
and  agglomerates  of  White  Rock  Valley.  The  basin  was  prob- 
ably lacustrine  in  character  and  is  probably  to  be  correlated  with 
early  Tertiary  lake  basins  of  other  portions  of  the  Great  Basin. 
These  lake  beds  and  tull's  were  folded,  but  not  closely  appressed, 
and  were  then  larii:ely  removed  by  erosion,  the  bed-rock  surface 
upon  which  they  were  deposited  being  in  this  way  in  large  meas- 
ure resurrected  and  subjected  to  renewed  de^rradation.  The  next 
event  of  which  we  have  note  is  an  oro*j:enic  disturbance  of  the 
region  and  the  formation  of  diastrophic  valleys  bordered  by 
abrupt  mountain  fronts.  This  event  is  an  inference  based  on 
the  occurrence  of  a  coarse  alluvium.    Alluvium  of  this  character 


i»  only  known  aa  the  product  of  toirentin!  Rtiranw  cmer^g 
narrow  high  grade  nafioiw  \ipon  broad  open  valleys.  Sin!h  valleys 
are  (Wimorphipally  diwordtmt  with  the  crosional  features  of  the 
nionntaiita  whe»04'  the  streams  pinerge,  and  siich  discordance  can 
iistially  only  be  explained  as  due  to  diastrophic  movements.  This 
accumulation  of  coarse  alluvium  was  followed  by  an  outburet 
of  volcanic  activity,  which  pwve  rise  to  showera  of  a^hes 
Bcnriae  and  a  flow  of  andvsitic  lava.  Tpon  the  new  surface 
figuration  of  the  region  thus  tatablished.  a  lake  basin,  or  posxibi 
aeverul  of  them,  interrupted  the  normal  course  of  tbe  drainage. 
In  tliix  basin  there  accumulated  the  Cable  fonnntion  consisting 
of  lime»ton<s  in  which  fresh  water  moUu8e8*wei-e  entoitibcd,  beds 
of  clay,  more  or  less  calcareous,  and,  in  the  vicinity  of  incoming 
streama,  beds  of  grave!  and  snnd.  Intcrstratified  with  these 
lacustral  beds  is  an  abundanec  of  volcanic  tuff  also  for  the  most 
part  well  stratified.  These  probably  represent  the  wxurrence  of 
volcanic  eruptions  during  the  lacustral  period,  although  they 
may  aim  m  large  part  at  tcfl«t,  be  cxjilaiued  as  the  product  at, 
the  erosion  of  the  sun-ounding  ash  mantJed  country.  { 

This  lacustral  condition  was  brought  to  a  close  by  another 
orogenie  movement  which  uplifted  the  mountains  to  the  north 
of  the  valley  in  which  the  lake  lay.  The  lake  was  displaced  and 
its  deposits  were  buried  uikIit  ;\  Vii.st  (iccniiiulatidti  nf  ciuirse 
itlliiviuni.  the  Tchm-hapi  Fornuition,  evidently  the  cmc  nf  i^  tnr- 
rcjjliitl  strciuii  .-ictiv.'ly  cniraL'ed  in  the  disisection  of  the  new 
ijiiiiiiitiiiiL  iiiiiss.     The  source  of  the  alluvium  was  fniiii  the  north. 

Tlic  next  event  of  which  wc  h;ive  record  is  another  oiML'eiiie 
irioveiiieiit  wliieh  deformed  the  rei;ioti  both  by  llexure  and  fault- 
]uL'.  At  tliis  tiiiK'  the  prc-fabic  voh-anies.  the  ViMv  T,.nke  beds. 
;iiia  llie  Teb;ir'hjipi  idluviiini.  or  at  li^nst  so  nuieli  of  tbise  forma- 
tiuMs  iis  ;iiv  lell  fur  our  iiispeet ion.  were  to^'ether  folded  in  an 
jisyijutietrie  syneliuc.  the  most  acute  defornialiun  occurringou  the 
ue.sl  side  of  the  IruiLuh  where  the  beds  arc  now  vertical.  At  this 
ti]iii'  tile  f;iull  scfirp  which  forms  the  boundary  of  Tehachapi 
\'iilley  oil  tile  West  was  also  probjiblv  formed.  This  period  of 
;ii-iih'  (lelorioiilion  was  succeeded  liy  a  period  of  vortical  stream 
^■iiirvisinii  I  ill  till'  streams  attained  their  base  level  and  then  began 
ir,  i-viilve  a    lij-oad  llooil  plain  by  lateral  corrasiou.     This  tlood 
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plain  was  developed  as  a  very  notable  feature  of  the  region,  being 
cut  across  hard  and  soft  rocks  alike  with  great  evenness.  It  is 
very  probable  from  our  general  notions  of  the  conditions  which 
attend  the  evolution  of  stream-cut  plains,  that  this  flood  plain 
stood  at  a  much  lower  level  than  its  remnants  do  to-day  (4000 
feet  A.  S.).  It  marks  an  important  datum  plane  in  the  evolu- 
tion of  the  Sierra  Nevada  and  is  the  probable  correlative  of 
the  high  valleys  of  the  Upper  Kern.* 

Up  to  this  time  there  was  probably  no  such  feature  as  the 
modem  Tehachapi  Valley.  But  now  the  process  of  flood  plain 
expansion  was  abniptly  terminated  by  another  orogenic  move- 
ment, which  besides  effecting  a  general  elevation  of  the  region 
far  above  the  base  level  of  the  streams,  also  raised  Tehachapi 
Mountain  as  a  fault  block  on  the  south  of  the  present  valley 
and  gave  the  latter  its  modern  configuration  as  regards  its 
boundaries.  The  uplift  of  this  block  caused  the  dejection  upto 
the  flood  plain  of  the  alluvium  which  forms  the  greater  part  of 
the  floor  of  the  valley.  Co-eval  with  this  progressive  obstruction 
of  the  drainage  on  the  flood  plain,  the  head  waters  of  its  stream 
were  captured  by  head  water  erosion  cutting  back  from  the 
Great  Valley  into  the  upraised  mountains.  The  beheaded  stream 
was  unable  to  cope  with  deluge  of  torrential  debris  from  the  new 
mountain  mass  on  the  south  and  its  course  was  reversed  into 
the  same  stream  that  had  captui'ed  its  head  waters.  Since  this 
reversal  of  the  drainage  the  flood  plain  has  been  dissected. 

The  geological  history  of  the  eastern  outlet  of  Tehachapi  Val- 
ley is  not  so  complex.  The  outlet  is  a  rocky  gorge  so  deeply  allu- 
viated  as  to  give  a  rather  broad  bottom  (200  yards).  If  we 
imagine  the  alluvium  removed  below  the  depth  of  certain  wells 
that  have  been  sunk  in  it  but  have  not  bottomed  it,  and  suppose 
the  rocky  slopes  projected  down  Ave  would  have  a  quite  narrow 
and  somewhat  tortuous  mountain  gorge.  This  character  estab- 
lishes the  fact  that  it  was  not  the  outlet  for  the  stream  that 
corroded  the  broad  terrace  at  the  western  end  of  the  valley.  The 
gorge,  with  its  present  direction  of  drainage,  could  not  very  well 
have  been  evolved  after  the  present  boundaries  of  Tehachapi  Val- 


*  Geomorphogeny  of  the  Upper  Kern  Basin,  Bull.  Dept.  Geol.  Univ.  Cal., 
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ley  were  oHtahlished.  It  mnst,  therefore,  antodato  the  modern 
Tt'hBchupi  Valley,  i.e..  it  must  antedat«  the  fault  block  which 
fiiniis  till'  wmth  tioiindar}-  o£  the  western  half  of  the  valley.  This 
beitiK  BO  the  tforge  niiiat  Imvt^  been  eoexisteat  with  the  stream 
which  evolved  the  broad  terraee  at  the  west  end  of  tht*  valley, 
and  if  this  be  conceded  then  the  gorge  wan  that  of  a  small  eastern 
affluent  of  the  lurger  stream.  From  this  line  of  reasoning  we 
thus  reach  the  ooneliisioii  that  the  drainage  of  this  ontlet  was 
al»»o  ut  one  time  toward  the  area  of  the  present  Tehaehapi  Valley 
and  that  Uiis  drainage  ha»  been  revernod.  The  eauHca  of  the 
reversul  are  doubtlees  two-fold.  The  uplift  which  terminated 
the  process  of  Hood  plain  expansion  in  this  region  was  without 
donbt  effected  by  a  movement  on  the  gre«t  fault  which  bounds 
the  Sierra  N'eva<la  on  the  east  and  southeast  and  which  here 
separuttw  them  from  the  Mohave  desert.  Such  a  movement 
wQQld  have  beheaded  Ibis  gorge  and  have  rendered  it  an  easy 
matter  for  the  rapidly  accumulating  alluvium  in  the  now  mouu- 
tain-ifirt  Tehaehapi  Vtilley  to  congest  the  gorge  and  cause  the 
waters  to  flow  out  to  Mohave. 

It  thus  appears  that  both  of  the  outlets  of  Tehaehapi  Valley 
antedate  the  valley  as  we  know  it  to-day,  and  that  they  are  both 
cases  of  reversed  drainajre  brought  about  by  erogenic  move- 
iiiciits,  inducing  stiviuii  capture  and  the  obstruction  of  the 
beheaded  stivaiiis  bv  gri'at  alluvial  cones. 
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Viillcy  at  the  southwest 
en  the  fault  si-avp  which 
valleys  on  the  south  and  the  northeast  corner  of 
furi.  The  trend  of  the  valley  i.s  northwest  and  south- 
li  direction  it  has  an  extent  of  31  miles.  It.s  breadtb 
iiiik's.  Its  southcni  boundiiry  is  tbe  western  e.xteu- 
sMiue  degi'adcd  fault  scarp  as  that  which  bounds 
n  the  south.  Its  northeastern  boundary  is  a  moun- 
illi  a  very  straiirht  trend  and  a  steep,  even,  little 
If.  which  can  only  be  interpreted  as  a  fault  scarp, 
of  this  scarp  is  northwest  and  southeast,  thus  uiak- 
'  of  about  4J'  with  the  strike  of  the  rocks.     It  may 


&\ 


Vol.  4]  Lawson. — Tehachapi  Valley  System.  455 

be  referred  to  as  the  southwest  scarp  of  Bear  Mountain.  The 
western  boundary  of  the  valley  is  a  sharp  low  ridge  with  north 
and  south  trend  which  spans  the  space  betwen  the  two  converg- 
ing scarps  above  noted.  This  ridge  is  composed  largely  of  crystal- 
line schists,  the  strike  of  which  is  north  and  south  with  the  trend 
of  the  ridge.  The  ridge  separates  Brites  Valley  from  a  larger 
valley  on  the  west  known  as  Cummin gs  Valley,  which  lies  at  a 
much  lower  level.  At  the  southeast  end  of  the  valley  a  mountain 
stream  comes  in  from  a  gorge  in  the  southern  scarp.  This  stream 
has  built  up  an  alluvial  fan  Avliich  is  co-extensive  with  the  limits 
of  the  valley.  The  floor  of  the  latter  is  the  surface  of  this  fan 
and  its  general  slope  is  down  toward  the  northwest  end  of  the 
valley,  where  the  outflowing  waters  have  cut  a  gorge  down 
through  the  edge  of  the  fan  and  deep  into  the  underlying  bed- 
rock, and  so  find  their  way  to  Cummings  Valley.  Along  the  base 
of  the  southwest  scarp  of  Bear  Mountain,  the  debris  from  the 
degradation  of  the  scarp  interdigitates  with  the  edge  of  the  fan 
and  being  locally  dominant  reverses  the  slope. 

The  gap  through  which  one  enters  Brites  Valley  from 
Tehachapi  is  a  platform  of  bedrock  or  flat-topped  ridge  between 
the  two  valleys.  But  over  this  ridge  some  of  the  alluvium  from 
the  fan  which  fills  Brites  Valley  has  spilled  into  Tehachapi 
Valley.  A  terrace-like  shoulder  on  the  south  side  of  this  flat- 
topped  rocky  barrier,  where  it  is  crossed  by  the  wagon  road  is 
544*  feet  above  Tehachapi  station.  The  lowest  part  of  the 
gap  is  about  500  feet  above  Tehachapi  station.  The  floor  of 
Brites  Valley  at  the  farm  house  at  its  west  side,  just  before 
entering  upon  the  descent  to  Cummings  Valley,  is  446  feet 
above  Tehachapi  station.  From  these  figures  it  will  be  appar- 
ent that  Brites  Valley  is  on  quite  a  different  level  from 
Tehachapi  Valley,  a  fact,  which,  considering  their  immediate 
juxtaposition  and  open  connection,  can  only  be  explained  on 
the  hypothesis  of  their  diastrophie  origin.  The  eastern  edge  of 
the  rocky  platform  which  separates  the  valleys  is  in  direct  line 
with  the  western  scarp  of  Bear  Mountain  and  we  have  in  this 
fact  a  pointed  suggestion  that  Brites  Valley  has  been  dislocated 

*  This  and  other  altitudes  were  determined,  where  not  otherwise  stated, 
by  means  of  a  mercurial  barometer,  using  Tehachapi  station,  elevation  3963 
feet,  as  a  base. 
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fmm  Tohacha|)i  Valley  by  a  niuveiin'tit  on  the  fault  which  estab- 
Ikhpci  this  scarp.  The  gap  whicli  i-oniieptji  the  twn  valleys  over 
the  nn'k  pUtform  is  about  half  h  mile  wide,  and  the  roct  plat- 
fgrm  is  with  little  doubt  a  surfaee  of  stream  planatiiin.  This 
suggestion  is  confirmed  by  the  aection  afforded  by  the  gorge  at 
the  outlet  of  Brites  Valley.  Here  the  base  of  the  alluvium  may 
he  seen  reposing  upon  the  bedrock  surfaee,  and  that  surface  is 
^ain  a  platform  which  can  only  be  regarded  as  a  product  of 
HtrcHin  corrasion.  It  would  seem,  therefore,  that,  flanking  the 
Routhwest  scarp  of  Bear  Mountain  where  it  bounds  Brites  Valley, 
there  is  a  stream  terrace  in  large  part  buried  by  alluvium.  It 
aeems  a  fair  hypothesis  in  the  absence  of  any  other  suggestion  to 
eorri'late  this  stream-cut  terrace  with  the  broad  terrace  already 
described  as  occurring  in  the  northwestern  portion  of  Tehachapi 
Valley;  and  in  this  hypothesis  we  have  the  farther  suggestion 
that  the  stream,  which  evolved  the  now  dislocated  and  partly 
buried  terrace,  flowed  out  westward  through  the  present  sit«  of 
Brites  Valley. 

CUMMI7.0S  V.^LLEY. 

CommingB  Valley  lies  immediately  to  the  west  of  the  sharp 
north-south  rocky  ridge  which  forms  the  western  boundary  of 
Brites  V.nlley.  It  lio.s  ;it  a  nnich  lower  level  tluin  Brites  Valley, 
the  di'op  from  the  one  valley  to  the  other  being  rather  precipi- 
tous. In  the  nortbc.ist  part  of  the  valley  where  the  wagon  road 
to  Bear  Valley  leaves  the  main  road  through  Cummings  Valley, 
the  altitude  is  40,"t()  feet,  or  353  feet  below  the  lowest  part  of 
Biitfs  Viilley.  while  in  the  middle  of  Cummings  Valley  the  alti- 
tude isi  3924  feet,  or  485  feet  below  Brites  Valley.  The  general 
contour  of  llic  valley  is  that  of  a  trapezium.  Its  eastern  bonnd- 
aiy,  MR  already  indicated,  trend.s  north  and  south  and  ha.s  a 
length  <it'  nlnnit  4  miles.  Its  southern  boundary  is  the  same  east- 
west,  de.u'niiled  fault  warp  which  bounds  Tehaehapi  and  Brites 
Vatlev.s  on  tile  jioulh.  This  side  is  also  about  4  miles  in  length. 
On  the  iiortbi'ast.  the  southwest  scarp  of  Bear  Mountain  forms 
its  bimiidiiry  for  about  2  miles.  The  fcmrth  side  of  the  valley 
is  the  more  or  less  serrate  edge  of  a  mountainous  tract  which 
risi's  to  srvei'jil  hundi'cd  feet  above  the  level  of  the  valley  on 
the  west.    The  trend  of  this  boundary  is  north-northeast  and  its 
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B.     Ijookitig  BouthHfHft  ucniss  (.'(imiiiinj,''*  Valley  from  near  the  outlet 
of  Britea  Valley. 
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extent  is  5^  miles.  The  valley  thus  bounded  contains  about  13 
square  miles.  There  are  two  principal  lines  of  drainage  through 
the  valley.  One  of  these  is  a  stream  that  comes  into  the  valley 
at  its  southeast  corner  from  a  high  grade  canon  in  the  mountain 
on  the  south.  This  stream  has  built  up  an  extensive  alluvial 
cone  which  spreads  out  over  almost  the  entire  valley.  The  drain- 
age from  Brites  Valley  skii-ts  the  northwest  edge  of  this  alluvial 
slope  and  catches  part  of  the  water  that  flows  down  the  slope 
of  the  fan.  The  entire  drainajie  of  the  valley  converges  on  its 
southwest  corner  and  after  flowing  for  a  short  distance  over  a 
bedrock  platform  entei-s  a  narrow  gorge  and  drops  rapidly  to 
the  Tejon  Valley.  This  gorge  descends  alM)ut  2500  feet  in  a  dis- 
tance of  4  miles.  In  the  northern  part  of  the  valley  this  alluvial 
fan  meets  the  waste  slope  from  the  southwest  scarp  of  Bear 
Mountain,  and  it  is  the  trough  between  these  two  opposing  slopes 
which  determines  the  path  of  the  stream  from  Brites  Valley  for 
the  first  two  miles  of  its  course.  Beyond  this  it  is  crowded  over 
well  toward  the  base  of  the  hills  on  the  northwest  side  of  the 
valley.  The  valley  thus  largely  occupied  by  alluvium  is  an 
artesian  basin,  and  in  the  middle  part  of  the  valley  a  well  has 
recently  been  sunk  to  a  depth  of  125  feet  which  yields  a  flow 
of  water  at  the  surface.  The  mouth  of  this  well  is  but  little 
above  the  rock  platform  over  which  the  drainage  flows  before 
escaping  from  the  valley.  The  well,  therefore,  proves  that  the 
valley,  independently  of  the  alluvium  which  fills  it,  is  a  rock 
rimmed  basin.  The  rocky  platform  at  the  southwest  corner  of 
the  valley  Ls  a  most  interesting  feature.  It  extends  out  from  the 
base  of  the  hills  which  bound  the  valley  on  its  northwest  side  a 
distance  of  half  a  mile  and  appears  to  pass  under  the  feather 
edge  of  the  alluvial  fan  with  a  iinifoniily  flat  slope,  as  is  indi- 
cated by  oceasional  protuberances  of  rock  for  some  distance 
within  the  area  of  the  alluvium.  This  platform  Ls  interpreted 
as  a  surface  of  stream  abrasion  and  is  correlated  hypothetically 
with  the  similar  stream-cut  terraces  above  described,  in 
Tehachapi  and  Brites  Valleys.  This  platform  probably  extends 
as  a  flanking  terrace,  but  thinly  veneered  with  alluvium,  along 
the  greater  part  of  the  northwest  side  of  the  valley.  The  hills 
which  rise  above  the  valley  on  this  side  harmonize  with  this 
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auppoffltion.  Altboojtb  rocky  dopes,  they  hare  a  matore  tufpeet, 
nnil  the  n>atot]r  iif  the  valley  fdgf-  U  iiuli-ntH  with  broad,  wide- 
apen  pmbayniMiIn  M-jjarntctl  by  luirrow  ricl^res  or  points  of  nwk. 
th«  vrvMa  of  which  pitch  down  tovard  thp  vaJley  and  evpntriaily 
pnw  beuMth  the  allHviDm.  Frwiuetitly.  nff  from  the  base  of  the 
btlla,  thtTP  art!  isolated  knoha  of  rockH  and  rooky  hillock*  HxJng 
trma  tbr  nlluriutn  like  islands.  In  general,  thpn,  ibe  mUi->'  is 
bouuded  on  this  ndv  by  svornorphieally  mature  GtU>p<w  which  pans 
dawn,  a  little  belyw  llw  pPMpnt  floor  of  the  valley,  into  an  uneven 
or  Ituupy  terraee,  whieb.  however,  is  well  cxpowd  at  the  soath- 
WMtf-rn  romer  of  the  valley.  There  ia  thiot  no  sn^r^estion  of 
faultinit  on  ihut  Hidi'.  But  Mich  a  terrac<!  muld  not  have  beeu 
trvolvrd  with  the  prenent  draiiiapf  iwhemi'  or  thtr  pn-m?Dt  i^iMiSfrnr- 
ation  of  the  valley,  it  clearly  antedntes  thi«  valley.  In  ila  miilb- 
eru  exteiistiiii  it  abuta  iijwn  the  fault  block  mountain  to  the 
sniitfa  of  the  vallpy  and  if  tlmn  appean  to  liave  been  cnt  off  in 
the  aaiup  way  and  at  the  wime  time  be  iii  the  case  of  the  streani- 
ctit  terrai-L'  of  Tehaehapi  Valley,  with  which  it  is  wirrrlated. 
The  sudden  drop  from  Britea  Valley  tn  Ciimniinga  Valley 
lid  wem  to  indicate  with  little  f|uestioii  a  fault  alontr  the 
eastern  edpe  of  the  latter.  In  general  it  thos  appears  that  on 
fhri'i'  sidi's  rTininiinKs  is  hounded  by  fault  scarps  and  that  as  a 
ri'sult  iif  till'  nmvi-iLii-nts  fm  thfw  a  trt-miiorphicaliy  niatiiit-  snr- 
iirii.'  a  stiraiti-i-nt  tiTracc,  now  situated  at  an  aJtitudi; 
4(111(1  and  .'>0n(1  feet  alM.Vi-  sfa  level,  and  iniinediatelv 
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111'  cdtre  of  the  Crt-in  Valley,  has  been  tilted  down  toward 
thrasl.  so  a.s  lo  form  a  roek-rimined  troiij:li,  which  has 
TTi  iiJIed  l>y  alluviiini,  arisiiii:  froiri  the  decradatimi  of 
It  l.liM-k  on  tlic  south. 

^ c-i.tion  .if  llie  I'hara.'ter  of  Cuininini.'s  Valley  involves 

oL'iiilinn   .if  tilt*  fa.'t   that,  l.i-foro  it    lurame  filled  to  its 

li'vrl  liy  alhiviiun.  it  iinist  have  been  occupied  by  a  lake. 

llh-  ciilral  ]iart  '.f  the  valley,  therefore,  even  be  pierced 
s  deep  ('00111:11  to  reach  its  roeky  Hour  it  may  confidently 
li.-t.'<l  that  such  welLs  will  pass  tbrouiih  lake  sediments, 
o-siicmablc  whether  this  lake  had  an  outlet  or  not.     The 

i','ili'!nrn-rit  an-a  tributary  to  fuujuiiiit;s  Valley  is  only 
i.'i  square  iiiilcs.  ur  :ii  times  the  area  of  the  valley  tloor. 
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With  this  limited  catchment  and  an  annual  rainfall  of  only  10^ 
inches  it  seems  quite  certain,  under  present  climatic  conditions, 
that  the  lake  could  not  have  attained  the  expanse  necessary  for 
it  to  reach  the  level  of  the  lowest  part  of  the  rim  of  the  basin. 
Assuming  a  run-oflf  to  the  lake  of  50  per  cent,  of  the  rainfall 
for  a  rocky  region  such  as  we  have  to  deal  with,  and  an  evapora- 
tion of  60  inches  per  year  under  a  more  humid  climate  than  now 
obtains,  it  would  require  a  rainfall  of  at  least  35  inches  to  enable 
the  lake  to  attain  the  necessary-  expanse  to  escape  at  the  present 
outlet.  Such  a  rainfall  is  not  an  improbability  for  this  end  of 
the  Sierra  Nevada  during  glacial  times.  But  it  is  to  be  noted 
that  the  present  drainage  outlet  of  the  valley  is  through  a  gorge 
which  has  been  cut  down  probably  300  feet  since  the  enclosure 
of  the  basin  by  faulting.  To  attain  this  increased  altitude  for 
the  original  lowest  place  in  the  rim  of  the  basin,  the  expanse  of 
the  lake  would  be  considerably  greater  than  the  present  area  of 
the  valley  floor  and  the  rainfall  necessarj-  to  effect  this  would  be 
correspondingly  greater.  A  further  objection  to  the  lake  ever 
having  had  an  overflow  at  the  original  level  of  the  outlet  is  that 
we  should  expect  to  find  strand  lines  scored  on  the  sides  of  the 
valley  well  above  its  present  floor  and  no  such  strand  lines  have 
been  detected.  It  seems  thus  that  we  are  not  warranted  in  assum- 
ing that  the  lake  which  once  occupied  Cummings  Valley  ever  had 
an  outlet,  and  that  the  drainage  outlet  which  now  exists  has  been 
evolved  without  the  aid  of  an  overflow.  The  outlet  is  a  gorge 
about  300  feet  deep  at  the  point  where  it  leaves  the  valley.  Here 
the  geomorphically  mature  surface  to  the  north  of  the  gorge  abuts 
upon  the  precipitous  mountain  scarp  which  bounds  the  valley 
on  the  south.  Where  these  two  surfaces  meet  there  is  an  asym- 
metric notch  in  the  mountain  profile  which  constituted,  at  the 
formation  of  the  valley,  the  lowf'st  pai1  of  its  rim.  This  notch 
lay  in  the  line  of  the  fault  seai-jj  and  could  nr>t  be  missed  by 
a  stream  cutting  bar-k  intr)  the  very  precipitous  mountain  slope 
which  rises  frrau  the  Great  Valley  only  a  few  miles  distant.  Cum- 
mings Valley  has  been  tai)ped,  then,  by  the  headwater  erosion 
of  a  tributary  of  Tejon  Creek  cutting  back  in  a  structural 
trough.  A  consequence  of  this  conclusion  is  that  the  great  moun- 
tain wall  which  confines  the  south  end  of  the  Great  Valley  on 
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tbe  east,  between  C8li«nte  and  the  Tejftn  Rnneh  House,  is  itself 
A  fault  scarp,  and  dntes  from  about  the  same  time  as  the  fault- 
ing which  gftve  rise  to  Tehaehapi,  Bntes  and  Cummings  Valle>*8, 

BEAR  VALLEY. 

Bear  Valley  lies  to  the  northwest  of  Cuiumings  VbIIo.v  (dong 
the  baw:  of  the  BouthweRt  searp  of  Bear  MoimtaiD.  Its  longt-r 
diameter  is  parallel  to  the  line  of  the  searp  and  is  about  3  miles 
m  extent.  The  gen<^ral  width  of  the  valley  is  about  2  miles.  Its 
area  is  about  6  wiuare  miles.  The  vallej'  ia  in  two  level8.  Along 
the  immediate  baae  of  the  southwest  scarp  of  Bear  Mountjiin  i» 
tt  well  defined  terrace  about  1000  feet  wide  mantled  by  the  allu- 
vinl  wash  from  the  scarp  which  rises  steeply  at  its  rear  This 
terrace  i«  bounded  on  the  southwest  by  a  rather  sharp  rocky 
rid^  whieh  is  in  general  less  than  100  feet  above  the  terrace, 
and  which  is  notched  down  to  the  level  of  the  terrace  in  a  num- 
ber of  places.  On  tbe  southwest  side  of  this  ridge  there  is  an 
abrupt  drop  to  the  le\'el  of  the  main  floor  of  the  vaUey.  The 
latter  has  uu  altitude  of  about  4300  feet  at  the  Pickert  ranch 
house.  The  terrace  is  from  300  to  500  feet  above  tliin,  its  hicheet 
point  being  at  its  southwest  end  where  the  wagon  road  from  Bear 
Valley  boirins  to  descend  to  Cuniminds  Valley.  From  this  eul- 
niinalitiL'  ]>(>iiit  tbe  Icmice  slnjK's  down  to  the  northwest  in  the 
(liri'i-liuii  nf  its  extonsiou.  It  is  evident  that  this  remarkable 
fiMtiirc  is  n  fiiiil!  teriMce.  It  is  a  narrow  strip  of  the  mountain 
iii;i-is  lyiii'_'  lictwi'i'ti  llie  uiiiiii  fault  of  the  Rear  Mountain  scarp 
and  a  s,ibsi,liai\-  pai-allel  fault.  Ibe  .scarp  of  wliich  forms  the 
ib'se,.nt  fioiii  tlK-  terrace  to  the  main  valley.  The  terrace  prob- 
ably sIdju'iI  niieiiially  duwn  toward  the  main  Hear  Mountain 
-.•.n-p  ^ind  owed  that  .slnpe  t.t  rotati^^n  ..f  the  fault-boumled  l>lock. 
The  ir.iu-b  llms  loi'nicd  has  sine,-  hc-n  filled  by  the  debris  shed 
fi'niri  Ibe  ^earp  iib..ve.  Ill  its  essential  features  this  narrow  fault 
Moel;  llankini:  a  nia.ji.r  fault  scarp  is  identical  with  the  kerniuits' 
nf  ihe  Ipi.T  Kefii,  The  main  iiortb.n  <>f  the  valley  below  the 
fault  lrii-;ir,-  is  r..nstrieti'd  near  its  middle  liy  a  narrnw  sharp 
I'ifL,.  nf  >ui.'ill  (iriulit  Hhicli  pi'ojei-ts  as  a  spur  from  ihc  miMiii- 
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tain  slope  on  the  south,  part  way  across  the  valley.  The  geo- 
raorphy  of  this  side  of  the  valley  is  that  due  to  the  normal  pro- 
cess of  erosion  and  presents  no  suggestion  of  faulting.  The 
edge  of  the  valley  is  indented  and  the  slopes  above  it  are  mature. 

No  stream  of  importance  comes  into  Bear  Valley  so  that  no 
notable  alluvial  cone  occurs  in  it  as  in  the  other  neighboring 
valleys.  But  the  various  streamlets  and  the  general  wash  from 
the  surrounding  mountain  slopes  have  contributed  to  its  infilling 
and  have  given  it  a  floor  of  alluvium  except  at  its  west  end  near 
its  outlet  bv  wav  of  Svcamore  Creek  to  the  Great  Vallev.  Here 
the  alluvium  which  forms  the  floor  of  the  vallev  feathers  out 
and  there  is  exposed  a  rock  platform  which  is  the  counterpart 
of  that  already  described  near  the  southwest  comer  of  Cummings 
Valle}'.  This  rock  platform  passes  eastward  and  southeastward 
with  an  almost  flat  slope  beneath  the  alluvium,  and  evidently 
underlies  a  considerable  portion  of  the  vallej'.  It  is  with  little 
question  a  remnant  of  the  same  system  of  stream-cut  terraces, 
relics  of  which  have  been  detected  in  Tehachapi,  Brites,  and  Cum- 
mings Valleys.  Its  original  relation  to  those  relics  is  not  clear, 
but  that  is  not  surprising  in  a  region  of  such  acute  diastrophic 
deformation  as  that  with  which  we  have  here  to  deal.  In  gen- 
eral, then.  Bear  Valley  may  be  briefly  stated  to  have  originated 
by  the  downward  tilting  of  a  tract  of  mature  georaorphy  on 
the  south,  including  a  stream-cut  flood  plain,  against  a  dominant 
fault  along  the  southwest  scarp  of  Bear  Mountain;  and  that 
against  this  fault  there  was  left  in  the  down  plunge  a  slab,  or 
kernbut,  which  failed  to  drop  as  far  as  the  rest  and  the  top  of 
which  forms  the  ridge-bordered  terrace  on  this  side  of  the  valley, 
vallev. 

Beyond  this  rock  i)latform  a  narrow  ^or^^e  opens  in  the  moun- 
tain ridge  which  bounds  the?  vallt'V  on  the  west  and  throu'-rh  this 
the  waters  of  the  valley  find  their  escape  by  a  very  preeipitous 
descent  to  the  Great  Valley  .']()()()  feet  below  and  only  4  miles 
distant.  This  tior<:e  in  its  upper  part  lies  ()n  the  line  of  the  sub- 
sidiary fault  scarp  and  the  same  su^jzestioii  for  its  development 
is  here  made  as  for  the  trorge  which  drains  Cununings  Valley, 
viz.,  that  it  is  due  to  the  headwater  erosion  of  a  high  grade  stream, 
Sycamore  Creek,  cutting  back  in  the  face  of  the  northwest  scarp 
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of  Bpar  Mountain  and  flndioR  the  notcb  fonnetl  by  the  sub- 
sidinrj-  faiiU,  wliich  notch  was  orifpnally  lower,  as  it  now  is, 
thun  the  nna1oK<'i>t<  notc^h  made  by  the  msin  southwest  fault  of 
Bear  Mountain.  Prior  to  the  capture  of  the  valley  by  Sycamore 
Creek  it  must  huve  been  occupied  by  a  iake,  since  it  is  entirely 
rock  rimmed,  but  the  hydrographic  basin  which  includes  the 
valley  is  so  small  relatively  to  the  area  of  tlie  valley,  tliat  it  is 
quit*  improbable  that  tho  lake  bad  an  outlet  by  rising  to  the 
level  of  the  nnteli  whit^h  was  afterward  deepened  by  the  head- 
water erosion  of  Hycamore  Creek. 


Vnivemty  of  California, 
March,  1906. 
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